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Concentration  and  rumen  degradability  (DIP)  of  dietary  crude  protein 
(CP)  and  fat  (CaLCFA)  have  influenced  reproductive  efficiency  and  the  immune 
system  of  dairy  cows.  Experiments  described  herein  studied  interactions 
between  CP,  DIP,  and  CaLCFA  oh  ovarian  function,  fertility,  and  productive  and 
immune  responses  of  dairy  cows. 

Nonlactating  cows  were  fed  diets  containing  either  12  or  27%  CP. 

Plasma  urea-N  (PUN)  was  increased  from  9.8  to  21.3  mg/dl  by  feeding  27%  CP 
diet.  Follicular  growth,  response  to  superovulation,  quality  and  quantity  of 
ova/embryos,  and  reproductive  hormone  concentrations  were  not  altered  by 
feeding  27%  CP  diets. 

Productive  and  reproductive  performance  of  cows  fed  two  dietary 
concentrations  of  DIP  (55  or  76%  of  CP)  and  CaLCFA  (0  or  2.2%  of  DM)  were 
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evaluated  the  first  16  wk  postpartum.  A combination  of  byproducts  (corn  gluten 
meal,  fish  meal,  blood  meal,  and  meat  and  bone  meal)  or  soybean  meal  and 
urea  were  used  as  primary  N sources  for  55  and  76DIP  diets,  respectively. 

Cows  fed  76DIP  diets  consumed  less  feed  the  first  8 wk  postpartum  but  more 
feed  thereafter.  Feeding  76DIP  diets  increased  BW  loss  and  PUN 
concentrations  and  decreased  plasma  insulin  concentrations.  Initiation  of  luteal 
activity  was  delayed  13  d in  cows  fed  76DIP  diets.  Milk  production  was  similar 
between  cows  fed  0 or  2.2%  CaLCFA  until  3 wk  postpartum  at  which  time  cows 
fed  2.2%  CaLCFA  demonstrated  greater  persistency.  Addition  of  CaLCFA 
improved  pregnancy  34  percentage  units. 

Effect  of  dietary  concentrations  of  CP,  DIP,  and  CaLCFA  on  blood 
constituents  and  responsiveness  of  the  immune  system  was  explored.  Feeding 
76DIP  diets  decreased  and  CaLCFA  increased  platelet  and  white  blood  cell 
counts.  Feeding  CaLCFA  increased  number  of  lymphocytes  regardless  of 
protein  degradability.  Adding  CaLCFA  to  the  55DIP  diet  decreased  number  of 
neutrophils  but  increased  numbers  when  added  to  the  76DIP  diet.  Skin  test 
thickness  tended  to  be  reduced  by  adding  CaLCFA  to  the  55DIP  diet  but 
remained  unchanged  when  added  to  the  76DIP  diet.  Lymphocytes  tended  to 
respond  less  to  a mitogen  when  grown  in  media  containing  serum  from  cows 
fed  76DIP  diets  compared  with  55D1P  diets. 

Effects  of  DIP  and  CP  on  reproductive,  productive,  and  immune  system 
functions  of  dairy  cows  depend  upon  lactational  (lactating  or  nonlactating)  and 
energy  status. 
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CHAPTER  I 
INTRODUCTION 


Nutrient  intake  and  body  condition  are  known  to  influence  reproductive 
performance  in  a wide  range  of  mammals.  Reproduction  of  ruminants  is 
influenced  by  nutritional  status  during  four  phases  of  the  life  cycle.  Firstly, 
timing  of  the  onset  of  puberty  is  clearly  under  nutritional  control.  Critical 
minimum  body  weights  required  for  ovulation  or  the  onset  of  spermatogenesis 
have  been  described.  Secondly,  postpubertal  ovulation  rate  is  known  to  be 
influenced  profoundly  by  both  nutrient  intake  and  body  condition  in 
multiovulating  species  such  as  sheep.  Thirdly,  early  embryonic  mortality 
frequently  is  associated  with  a low  plane  of  nutrition. 

For  dairy  cattle,  plane  of  nutrition  during  lactation  can  have  a significant 
effect  on  timing  of  the  onset  of  normal  ovarian  activity  postpartum.  Gross 
dietary  deficiencies  of  energy,  protein,  and  some  minerals  and  vitamins 
adversely  affect  reproductive  efficiency  or  viability  of  young  cattle  (Underwood, 
1977;  Wiltbank  et  al.,  1964).  The  opposite  situation  may  be  more  prevalent  in 
developed  countries  where  animals  are  fed  excessive  amounts  of  certain 
nutrients  that  impairs  fertility.  Intakes  of  large  amounts  of  concentrates  have 
been  implicated  with  cystic  ovarian  disease  and  increased  calving  intervals  of 
dairy  cows  (Morrow  et  al.,  1969). 
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The  amount  of  nutrients  required  during  various  physiological  states  for 
several  species  have  been  compiled  and  published  by  committees  of  scientists. 
Major  changes  have  been  made  in  the  way  requirements  of  dairy  cattle  are 
expressed.  Energy  recommendations  have  been  divided  into  digestible, 
metabolizable,  and  net  energy  for  maintenance  and  production.  Mineral 
recommendations  now  are  based  on  average  bioavailabilities.  Crude  fiber 
minimums  have  been  replaced  by  neutral  and  acid  detergent  fiber  analyses. 
Expressions  of  vitamin  recommendations  have  remained  unchanged.  A new 
system  was  adopted  by  the  National  Research  Council  (NRC;  1989)  to  express 
protein  recommendations  on  the  basis  of  ruminal  degradability.  In  the  past, 
protein  recommendations  for  ruminants  were  defined  in  terms  of  total  or 
digestible  N concentration  of  the  diet.  One  unit  of  feed  N was  equivalent  to 
6.25  units  of  feed  crude  protein.  This  system  ignored  differences  that  exist 
among  feedstuffs  both  in  the  form  of  N in  feeds  and  in  their  metabolism 
following  ingestion  by  the  animal  (NRC,  1985). 

The  complexity  of  the  digestive  process  is  well  recognized  by  those  who 
work  in  the  field  of  ruminant  nutrition.  In  addition,  the  dairy  cow  undergoes 
tremendous  physiological  adjustments  immediately  after  parturition.  Several 
reproductive  problems  or  inefficiencies  can  be  aggravated  by  nutritional 
imbalances  and  improper  feeding  systems.  The  objective  of  this  research  was 
to  manipulate  the  energy  and  protein  nature  of  diets  in  order  to  change  the 
reproductive,  productive,  and  immune  system  response  of  dairy  cattle. 


CHAPTER  2 
LITERATURE  REVIEW 


An  appropriate  intake  of  a balanced  set  of  nutrients  is  required  to  permit 
maximum  reproductive  performance  and  milk  secretion  by  dairy  cows.  Energy 
and  protein  are  the  two  nutritional  factors  most  likely  to  influence  milk 
production  and  reproductive  efficiency.  The  type  of  carbohydrate  and  N 
included  in  the  diet  as  well  as  the  ratio  of  N to  energy  definitely  will  influence 
animal  productivity. 

Oldham  (1984)  emphasized  that  energy,  as  such,  is  not  a nutrient. 
Components  supplied  in  the  diet  are  energy-yielding  nutrients.  However, 
energy  is  a major  nutritional  factor  affecting  animal  productivity.  It  frequently  is 
consumed  in  less  than  adequate  quantities  to  support  milk  production  during 
the  early  postpartum  period.  Cows  at  this  stage  are  expending  more  energy  in 
the  form  of  milk  and  maintenance  costs  than  they  are  importing  energy  in  the 
form  of  feed,  resulting  in  a temporary  condition  known  as  negative  energy 
balance  or  status.  Thus  the  challenge  during  the  first  trimester  of  lactation  is 
how  to  stimulate  appetite  to  increase  DM  intake  (DMI)  and  minimize  the  length 
and  severity  of  the  negative  energy  status  (NES)  period.  In  turn,  NES  and 
amount  of  milk  production  have  been  associated  closely  with  initiation  of 
postpartum  (PP)  ovarian  activity  (Butler  et  al.,  1981;  Butler  and  Smith,  1989; 
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Stevenson  and  Britt,  1979).  However,  more  recent  research  (Villa-Godoy  et  al., 
1988;  Harrison  et  al.,  1990;  Staples  et  al.,  1990)  showed  that  energy  intake  was 
a more  important  component  than  milk  yield  in  the  recrudescence  of  ovarian 
activity  during  early  lactation.  Anestrous  cows  ate  less  feed,  produced  less 
milk,  and  lost  more  BW,  resulting  in  a more  NES  compared  with  cycling  cows 
(Staples  et  al.,  1990).  During  early  lactation  when  dairy  cows  have  a greater 
need  for  energy,  DMI  may  be  limited  most  by  gastrointestinal  tract  capacity. 
Addition  of  several  fat  sources  (prilled,  tallow,  grease,  seed  oils,  whole  seeds, 
soaps,  etc.)  has  been  used  in  order  to  increase  the  energy  concentration  of  the 
diet.  Increasing  dietary  intake  of  fat  may  improve  the  energy  status  of  lactating 
cows,  ameliorating  the  effect  of  NES  on  reproductive  function.  In  addition,  the 
fatty  acid  makeup  of  fat  feedstuffs  may  be  a critical  factor  influencing 
reproductive  response.  This  research  area  has  received  little  scrutiny  until 
recently  and  presents  a relatively  new  field  of  investigation. 

The  risk  of  increasing  reproductive  problems  also  is  thought  to  result 
from  feeding  excess  amounts  of  CP.  Diets  of  high  protein  concentrations 
generally  are  quite  palatable  and  therefore,  DMI  is  stimulated  (Clark  and  Davis, 
1980;  Holter  et  al.,  1982).  The  recommended  dietary  CP  to  energy  ratio  is 
widest  in  early  lactation  (NRC,  1989).  The  feeding  of  high  amounts  of  CP 
during  peak  milk  production  also  occurs  around  the  time  when  cows  are  being 
inseminated.  Evidence  linking  excess  dietary  protein  intake  with  reproductive 
failure  hitherto  has  been  fragmentary.  The  effect,  if  it  exists,  may  be  expressed 
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through  reproductive  hormones,  by  N metabolites  on  reproductive  events,  or  by 
compromise  of  energy  status  of  the  animal. 

The  objective  of  the  following  discussion  is  to  summarize  current 
information  regarding  intake  of  high  amounts  of  total  and  ruminally  degradable 
proteins  and  small  amounts  of  supplemental  fats  on  the  productivity  of  dairy 
cows,  particularly  that  of  reproduction. 

Description  of  Protein  in  Feedstuffs 

For  many  years  the  strategy  of  feeding  protein  to  ruminants  has  been 
rather  crude.  Because  it  was  known  that  the  microbial  population  of  the  rumen 
metabolized  dietary  protein,  changing  its  AA  makeup  prior  to  absorption  in  the 
small  intestine,  the  AA  content  of  protein  feedstuffs  generally  was  ignored. 
Nevertheless,  as  with  nonruminant  animals,  the  unit  for  describing  protein 
requirements  of  the  lactating  cow  should  be  the  protein  absorbed  from  the 
digestive  tract,  more  specifically,  AA  absorbed  from  the  small  intestine  (van  der 
Walt  and  Meyer,  1987;  NRC,  1989).  This  principle  gave  rise  to  the  concept  of 
metabolizable  or  absorbable  protein,  in  an  attempt  to  improve  the  accuracy  of 
meeting  protein  requirements  of  ruminants.  Several  new  theoretical  protein 
classification  systems  have  been  proposed  that  have  potential  application  for 
feeding  ruminants.  These  systems  have  been  submitted  by  scientists  in  the 
United  States,  Great  Britain,  France,  Germany,  Switzerland,  and  Denmark. 

A simplistic  way  of  describing  the  new  manner  in  which  protein  content  in 
a diet  is  partitioned  is  by  defining  the  following  fractions:  A)  nonprotein  nitrogen 
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(NPN),  B)  rapidly  degradable  protein,  C)  intermediately  degradable  protein,  D) 
slowly  degradable  protein,  and  E)  undegradable  or  unavailable  or  bound 
protein.  Soluble  protein,  a widely  utilized  term,  corresponds  to  the  A plus  B 
fractions.  Ruminally  degradable  intake  protein  (DIP)  includes  the  fractions  A,  B, 
and  C;  whereas  ruminally  undegradable  intake  protein  (UIP)  consists  of  the  D 
plus  E fractions.  Thgis  UIP  fraction  is  made  available  to  animal  in  small  intestine 
after  acid  hydrolysis  in  abomasum.  A bound  in  plant  cell  walls  are  likely  to  be 
unavailable  in  the  small  intestine  as  they  resist  microbial  and  chemical 
breakdowns. 

The  NRC  (1989)  recently  has  adopted  this  new  methodology  (DIP  and 
UIP)  to  express  dietary  protein  recommendations.  The  lack  of  extensive  data 
on  the  protein  degradability  of  feedstuffs  limits  its  current  use.  Determination  of 
the  degradable  and  undegradable  protein  fractions  in  feeds  by  laboratory  or  in 
situ  procedures  continues  to  build  the  data  base. 

In  conclusion,  due  to  microbial  metabolism  of  protein  within  the  rumen, 
dietary  concentration  of  CP  alone  does  not  adequately  describe  protein 
metabolism  by  the  dairy  cow. 

Protein  Digestion 

Proteins  play  a crucial  role  in  virtually  all  biological  processes  such  as 
biocatalysts,  hormones,  muscles  for  motion  and  mechanical  support,  and 
against  diseases. 
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Aside  from  the  first  few  days  of  life  when  globulins  from  ingested  milk  are 
absorbed  intact  from  the  small  intestine,  proteins  usually  are  hydrolyzed  to 
peptides  and  AA  in  the  digestive  tract  prior  to  being  absorbed.  As  the  ruminant 
matures,  protein  entering  the  rumen  may  be  degraded  by  both  bacteria  and 
protozoa  that  produce  proteolytic  enzymes  (Tamminga,  1979).  The  expression 
of  proteolytic  activity  is  not  influenced  by  the  presence  of  proteins  or  their  lysis 
products  (Cotta  and  Hespell,  1986)  and  therefore  is  not  affected  greatly  by 
changes  in  composition  of  the  diet  (Kung  et  al.,  1983;  Veen,  1986;  van  der  Walt 
and  Meyer,  1987;  Veen  et  al.,  1988). 

The  absorption  of  essential  amino  acids  (EAA)  from  digested  protein  is 
vital  to  the  maintenance,  reproduction,  growth,  and  lactation  of  dairy  cattle. 
These  EAA  must  come  either  from  dietary  protein  that  escapes  ruminal 
fermentation  or  from  microbial  protein  produced  during  ruminal  fermentation. 

As  milk  production  increases,  a substantial  amount  of  additional  dietary  protein 
must  escape  ruminal  fermentation  in  order  to  meet  the  animal’s  requirement  for 
protein  (NRC,  1989). 

Proteins  that  provide  adequate  amounts  of  EAA  are  said  to  have  a high 
biological  value.  However,  the  actual  biological  value  of  any  feed  protein 
depends  on  the  amount  and  composition  of  those  AA  absorbed  by  the  animal 
(van  der  Walt  and  Meyer,  1987).  Ideally,  therefore,  the  biological  value  of  a 
feed  protein  should  be  determined  from  the  amount  and  type  of  AA  appearing 
in  the  portal  circulation  of  the  animal,  not  simply  the  disappearance  of  AA  from 
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the  tract.  This  approach  in  research  is  not  usually  undertaken.  Two 
approaches  commonly  are  used  to  increase  the  amount  of  AA  reaching  the 
small  intestine.  The  concentration  of  CP  in  the  diet  is  increased,  or  the 
degradability  of  the  protein  in  the  rumen  is  decreased,  or  both.  A recent  report 
(Webb  et  al.,  1993)  suggests  the  possibility  of  AA  and,  more  importantly, 
peptides  being  absorbed  prior  to  reaching  the  duodenum.  Although 
unconfirmed,  this  early  absorption  may  explain  similarities  in  AA  profiles 
reaching  the  small  intestine  determined  with  cows  fitted  with  abomasal  and 
duodenal  cannulas  and  challenged  by  changes  in  dietary  protein.  This  theory 
represents  a possible  area  for  future  research. 

Nonprotein  nitrogen  is  degraded  mainly  to  ammonia,  which  then  may  be 
taken  up  by  bacteria  for  protein  synthesis  (Krishnamoorthy  et  al.,  1983). 
Depending  on  the  diet,  from  60  to  90%  of  the  daily  N intake  by  the  ruminant 
may  be  converted  to  ammonia  and  from  50  to  70%  of  bacterial  N may  be 
derived  from  ammonia  (Leng  and  Nolan,  1984).  It  is  believed  that  most  ruminal 
bacteria  prefer  ammonia  to  amino  nitrogen  for  the  synthesis  of  protein. 
However,  new  evidence  indicates  that  little  bacterial  growth  might  occur  when 
ammonia  is  supplied  as  a sole  N source.  Addition  of  AA  and  peptides  to 
cultures  of  ruminal  bacteria  quadrupled  microbial  growth  (Argyle  and  Baldwin, 
1989),  although  strains  did  not  respond  similarly.  Ammonia  can  arise  from  the 
degradation  of  dietary  protein,  microbial  protein,  and  NPN  compounds  (NRC, 
1976).  In  addition,  an  influx  of  N as  urea  to  the  rumen  occurs  via  saliva  and 
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through  the  wall  of  the  rumen.  Huntington  (1986)  calculated  that  the  urea  influx 
to  the  digestive  tract  ranged  from  10  to  42%  of  N intake  with  a mean  of  23%. 
The  intake  of  dietary  protein  and  its  degradability  greatly  influence  ammonia 
production  in  the  rumen,  which  can  influence  several  physiological  and 
metabolical  functions.  These  alterations  include  derangements  in:  glucose 
metabolism  in  cattle  (Davidovich  et  al.,  1977;  Spires  and  Clark,  1979;  Fernandez 
et  al.,  1988),  sheep  (Prior  et  al.,  1970;  Barej  and  Harmeyer,  1979),  goats  (Aiello 
et  al.,  1985),  rats  (Clifford  et  al.,  1972),  and  horses  (Clifford  et  al.,  1972); 
decreased  plasma  insulin  concentrations  (Bare]  and  Harmeyer,  1979; 

Fernandez  et  at.,  1988),  and  increased  nonesterified  fatty  acid  (NEFA) 
concentrations  (Veen  and  Bakker,  1988;  Fernandez  et  al.,  1988)  in  ruminants. 

Protein  Degradability  and  Animal  Production 
It  is  well  known  that  AA  for  maintenance  and  production  of  ruminant 
animals  are  provided  by  feed  protein  that  escapes  microbial  degradation  in  the 
rumen  and  bacterial  protein.  Numerous  byproduct  feedstuffs  have  been  used 
for  ruminant  diets,  but  animal  byproducts  especially  are  known  to  have  a high 
concentration  of  UIP  with  a high  proportion  of  EAA.  Therefore,  inclusion  of 
animal  byproducts  such  as  fish  meal  (FM),  meat  and  bone  meal  (MBM),  feather 
meal  (FTM),  and  blood  meal  (BM)  can  improve  the  supply  of  EAA  available  for 
absorption  in  the  small  intestine.  Methionine  (Met)  and  lysine  (Lys)  have  been 
the  two  AA  frequently  implicated  as  the  most  limiting  AA  for  milk  protein 
synthesis,  particularly  when  corn-based  diets  are  fed.  Recently,  Schwab  et  al. 
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(1992a,b)  thoroughly  studied  the  effect  of  duodenal  infusions  of  Met  and  Lys  at 
each  of  four  stages  of  lactation  (i.e.,  peak,  wk  4;  early,  wk  8 to  12;  mid,  wk  17 
to  21;  and  late,  wk  27  to  31).  Using  protein  concentration  in  milk  and  yield  of 
milk  protein  as  primary  response  criteria,  Lys  appeared  to  be  the  first-limiting 
and  Met  the  second-limiting  AA  at  peak  lactation.  The  same  production  of  milk 
and  milk  protein  resulted  when  both  AA  were  infused  together.  In  early 
lactation,  Lys  still  was  the  first-limiting  AA,  but  the  second-limiting  was 
questionable  because  infusions  of  casein  resulted  in  a tendency  toward  greater 
milk  production,  suggesting  that  one  or  more  AA  supplied  by  casein  may  have 
been  colimiting  with  Met  or  limiting  after  Lys.  The  two  AA  (Lys  and  Met)  were 
colimiting  in  midlactation,  and  finally,  there  did  not  appear  to  be  an  AA 
deficiency  in  late  lactation.  Ruminally  protected  forms  of  Met  and  Lys  are 
available  commercially.  These  encapsulated  forms  fed  to  dairy  cows  can 
escape  microbial  degradation  in  the  rumen  resulting  in  increased  concentration 
in  plasma  (Papas  et  al.,  1984;  lllg  et  al.,  1987).  Several  researchers  (Guillaume 
et  al.,  1991;  Papas  et  al.,  1984;  Rogers  et  al.,  1989)  have  not  found  any 
responses  of  dairy  cows  to  ruminally  protected  AA  added  to  diets,  while  others 
have  reported  changes  (Canale  et  al.,  1990a;  lllg  et  al.,  1987;  Schingoethe  et 
al.,  1988). 

The  reason  for  combining  various  feedstuffs  differing  in  UIP  is  to  provide 
an  adequate  supply  of  AA  to  the  small  intestine  and,  to  diminish  the  possibility 
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of  falling  short  of  maximizing  productivity.  Combining  feedstuffs  with  different 
protein  degradabilities  has  not  always  resulted  in  improved  productivity. 

Seymour  et  al.  (1992)  tested  the  use  of  soybean  meal  (SBM)  or  corn 
gluten  meal  (CGM)  plus  soybean  meal  (SBM  + CGM)  to  formulate  diets  to 
contain  69.2  and  62.3%  DIP  concentrations  (difference  of  7 percentage  units), 
as  predicted  by  using  NRC  (1985)  tabular  values.  Although  degradability  of  the 
protein  differed  approximately  the  same  amount  as  stated  by  the  NRC  values  (9 
vs  7%),  diets  originally  formulated  to  contain  69.2  and  62.3%  DIP  resulted  in 
only  51  and  42%  DIP,  approximately  20  percentage  units  less  than  that  stated 
by  NRC  (1985).  However,  when  DIP  values  were  calculated  based  on  more 
recent  degradability  data  (Nocek  and  Russell,  1988),  DIP  values  were  62.9  and 
55.6%  for  the  SBM  and  SBM + CGM  diets,  respectively.  Diets  did  not  affect  milk 
yield  differently. 

Calsamiglia  et  al.  (1992)  fed  a TMR  to  lactating  dairy  cows  formulated  to 
contain  68  or  55%  of  dietary  CP  as  DIP.  Diets  contained,  on  average,  corn 
silage  (28.5%),  alfalfa  haylage  (22.6%),  ground  corn  (29.5%),  and  animal  fat 
(2%)  on  a DM  basis.  Dietary  protein  sources  compared  were  SBM  for  the 
control  or  a combination  of  SBM,  expeiler-processed  SBM  (ESBM),  and  FM. 
Estimates  of  degradable  protein  using  a continuous  culture  system  indicated 
DIP  values  of  60.8  and  59.8%  for  control  and  the  combination  diets, 
respectively.  In  addition,  CP  degradabilities  of  individual  feedstuffs  and  total 
mixed  rations  (TMR)  were  evaluated  by  the  in  situ,  ficin,  and  ammonia  release 
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techniques.  Protein  from  ESBM  and  FM  were  less  degradable  than  SBM.  In 
addition,  the  DIP  fraction  of  the  concentrate  portion  of  the  control  and 
combination  diets  agreed  with  DIP  values  calculated  using  the  DIP 
concentrations  of  each  feed  ingredient  in  the  diet.  Concentration  of  DIP  of  the 
TMR  resulted  in  no  difference  in  milk  yield,  DMI,  BW,  or  BCS  means  between 
the  control  and  combination  diets.  Based  on  the  similarity  of  production 
responses  from  cows  fed  the  experimental  diets,  authors  concluded  that 
estimates  of  DIP  concentrations  obtained  from  the  TMR  were  better  indicators 
of  true  dietary  DIP  compared  with  estimates  obtained  using  individual  feedstuffs. 

Murphy  and  Kennelly  (1987)  determined  the  in  situ  degradabilities  of  DM 
and  CP  for  barley,  canola  meal,  CGM,  barley  silage,  and  four  concentrate 
mixtures.  Crude  protein  degradabilities  of  the  concentrate  mixtures  were  77.4, 
71.8,  55.8,  and  47.4%  for  concentrate  mixtures  1 to  4,  respectively.  These 
values  essentially  were  similar  to  those  calculated  on  the  basis  of  their  individual 
ingredient  DIP  values  (75.7,  72.1,  49.6,  and  43.0%). 

In  summary,  based  on  presented  information,  controversy  exists  about 
the  usefulness  of  tabulated  values  of  UIP  and  DIP  for  feedstuffs. 

It  is  believed  that  during  early  lactation,  when  cows  are  in  a negative 
energy  and  N state,  increasing  the  flow  of  N and  EAA  to  the  duodenum  may 
optimize  the  N to  energy  ratio  for  maximal  milk  production.  Therefore,  cows  in 
NES  often  require  a supplemental  source  of  slowly  degraded  protein  to  balance 
this  deficit  (Nocek  and  Russell,  1988).  Replacement  of  grain  with  fat  may 
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increase  further  the  requirement  for  DIP.  Exact  recommendations  for  increasing 
UIP  when  feeding  fat  are  difficult  to  make  as  the  effect  of  added  fat  on  protein 
metabolism  in  the  rumen  are  not  understood  completely.  It  appears  that  up  to 
one  third  of  a kilogram  of  DIP  should  be  added  per  kg  of  fat  in  the  diet  above 
3%  of  DM  (Allen,  1991).  Kim  et  al.  (1991)  studied  the  benefits  of  increasing 
dietary  CP  with  added  fat  on  lactational  responses  of  dairy  cows.  Holstein 
cows  were  fed  one  of  three  diets  containing  either  1 ) SBM  in  a 1 6%  CP  diet 
(SBM-16),  2)  added  fat  from  extruded  soybeans  at  16%  CP  (ESB-16),  and  3) 
added  fat  and  protein  from  extruded  soybeans  plus  soybean  meal  at  18%  CP 
(ESB-18)  from  4 to  16  wk  PP.  Milk  production  averaged  2 kg/d  greater  (P  < 
.03)  for  cows  fed  added  fat.  Milk  protein  percentage  tended  (P  = .16)  to  be 
lower  (2.92  vs.  2.85%)  for  cows  fed  added  fat,  demonstrating  that  additional 
dietary  protein  would  not  prevent  a decrease  in  milk  protein  percentage  induced 
by  dietary  fat.  However,  milk  protein  production  tended  to  be  increased  (P  = 
.08)  by  feeding  diets  containing  fat  (.95  vs  1.00  kg/d).  Dry  matter  intake  was 
not  affected.  Gain  in  BW  tended  to  be  greater  (P  = .15)  by  cows  fed  added  fat. 
No  effect  was  determined  for  ruminal  concentrations  of  VFA,  pH,  ammonia,  or 
urea. 

Calsamiglia  et  al.  (1992)  tested  the  effect  of  two  dietary  treatments 
containing  68  or  55%  of  dietary  CP  as  ruminally  degradable  CP  on  dairy  cows 
beginning  31  d PP  for  a 10  wk  period.  Dietary  CP  was  SBM  for  the  control  diet 
or  a combination  of  soybean  meal,  expeller-processed  soybean  meal,  and  fish 


14 


meal  (EX-FM)  for  the  low  degradable  protein  diet.  However,  DIP  values  for 
TMR  determined  by  continuous  culture  techniques  were  61  and  60%.  Both 
diets  contained  2%  of  DM  as  animal  fat.  Feed  intake,  BW,  and  BCS  were  not 
affected  by  dietary  treatments,  tending  to  increase  as  lactation  proceeded. 

Milk,  3.5%  FCM,  fat,  protein,  and  lactose  yields  were  not  affected  by  dietary 
treatments.  Cows  consuming  the  EX-FM  diet  produced  1.1  kg/d  more  milk 
compared  with  cows  consuming  the  control  diet,  although  differences  were  not 
significant.  Fat  content  of  milk  from  cows  fed  EX-FM  was  .22  percentage  units 
less  (P  < .05)  than  control  cows.  Authors  attributed  this  effect  to  the  intake  (68 
g/d)  of  fish  oil,  based  on  findings  by  Opstvedt  (1984),  who  reported  a decrease 
in  milk  fat  concentration  when  intake  of  fish  oil  exceeded  38  g/d,  and  reduced 
milk  fat  yield  when  intake  of  fish  oil  exceeded  100  g/d.  Milk  protein 
concentration  also  decreased  (P  < .05)  .09  units  when  cows  consumed  EX-FM 
diets. 

Effect  of  High  Protein  Intake  on  Reproductive  Performance 

The  dietary  CP  recommendation  for  moderate-  to  high-producing  dairy 
cows  (30  to  50  kg  milk/d)  ranges  from  17  to  19%  of  DM  (NRC,  1989).  The 
concentration  of  protein  needed  in  the  diet  of  cows  can  be  expected  to  increase 
in  the  future  as  new  management  practices  and  selection  further  enhance  milk 
producing  ability. 

During  the  last  25  yr,  high  intake  of  CP  has  proven  detrimental  to 
reproductive  performance  of  dairy  cows.  Koneman  (1968,  cited  by 
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Sonderegger  and  Schurch,  1977)  reported  that  a deficiency  as  well  as  an 
excess  of  protein  intake  influenced  fertility.  Girou  and  Brochart  (1970,  cited  by 
Sonderegger  and  Schurch,  1977)  observed  an  unsatisfactory  rate  of  conception 
at  first  service  when  cows  were  offered  between  150  and  300  g of  digestible  CP 
per  day  beyond  requirements.  Gould  (1969)  stated  that  incidence  of  anestrus 
increased  and  conception  rate  and  peak  milk  production  decreased  when  cows 
were  fed  more  than  1 .8  to  1 .9  kg  of  digestible  CP  per  day  above  requirements. 
In  1977,  Sonderegger  and  Schurch  collected  information  on  herd  fertility  from 
six  farms  and  subjected  it  to  analysis  of  variance  and  multiple  regressions 
analyses.  Significant  findings  included  the  following;  1)  a surplus  intake  of 
digestible  protein,  particularly  one  exceeding  250  to  300  g per  cow  per  day, 
lengthened  the  interval  between  parturition  and  first  Al,  and  2)  an  abundant 
energy  supply  during  the  first  4 mo  of  lactation,  but  particularly  during  the  first 
60  d,  decreased  intervals  between  first  Al  and  conception,  as  well  as  from 
parturition  and  conception. 

Other  recent  studies  (discussed  in  the  following  pages)  show  remarkable 
agreement  in  suggesting  that  intakes  of  dietary  protein  that  maximize  milk  yield 
may  affect  negatively  reproductive  performance  unless  release  of  ammonia 
within  the  rumen  is  controlled. 

Jordan  and  Swanson  (1979a)  fed  diets  containing  either  19.3,  16.3  or 
12.7%  CP  to  45  cows  producing  an  average  of  30  kg  of  milk  per  day.  All  diets 
were  similar  in  calculated  TON  content.  Trial  commenced  4 d postpartum  and 
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continued  for  91  d.  Feeding  the  19.3%  CP  diet  resulted  in  the  fewest  days  to 
first  observed  estrus  (P  < .05)  compared  with  cows  fed  the  other  two  dietary 
treatments  (27  vs.  45  and  36  d,  respectively).  This  was  true  also  for  the 
number  of  days  to  first  ovulation  (16  vs.  28  and  18  d,  respectively).  However, 
numbers  of  Al  per  conception  was  greater  for  cows  fed  the  1 9.3%  CP  diet 
compared  with  cows  fed  the  16.3  and  12.7%  CP  diets  (2.47  vs.  1.87  and  1.47, 
respectively).  Number  of  days  open  was  different  (P  < .05)  for  each  dietary 
treatment  (106,  96,  and  69  d).  Linear  regression  of  days  open  on  dietary  CP 
intake  was  significant  (P  < .01),  but  dietary  CP  intake  explained  only  18%  of  the 
variation  observed  in  number  of  days  open.  Urea  nitrogen  concentration  in 
plasma  was  greatest  in  cows  receiving  the  19.3%  CP  diet  compared  with  cows 
fed  the  12.7  and  16.3%  CP  diets  (18.25  vs.  9.08  mg/100  ml;  Pangborn,  1978). 
Blood  ammonia  concentrations  were  not  different.  Authors  suggested  that  high 
plasma  urea  N and  ammonia  concentrations  might  have  increased  the  pH  in  the 
reproductive  tract,  which  reduced  motility  and  survival  of  sperm.  However,  it 
seems  that  a failure  to  increase  the  pH  of  the  reproductive  tract  might  lead  to 
reproductive  problems.  Recent  reports  have  tested  the  effect  of  feeding  high 
DIP  diets  to  either  heifers  (Elrod  and  Butler,  1993)  or  lactating  cows  (Elrod  et 
al.,  1993)  on  uterine  pH  changes  (d  0 and  7 of  the  estrous  cycle).  In  the  heifer 
trial,  a normal  (15.5%  of  DM)  and  a high  (21.8%  of  DM)  protein  diet  were 
formulated  to  meet  or  exceed  by  50%  the  DIP  recommendation.  Feeding  high 
DIP  diets  resulted  in  a decrease  (P  < .05)  in  first-service  conception  rate  (82  vs. 


17 


61%).  Uterine  pH  was  not  altered  (6.87  vs.  6.75  for  the  normal  and  high  DIP 
diets,  respectively)  at  estrus  (d  0).  However,  on  d 7 of  the  estrous  cycle, 
heifers  fed  the  high  DIP  diet  had  a lower  pH  (6.79  vs.  7.09)  compared  with 
those  fed  the  normal  diet.  In  the  lactation  trial,  Elrod  et  al.  (1993)  formulated 
the  three  following  diets:  1)  meet  DIP  and  UIP  recommendations  (balanced; 

18%  CP),  2)  adequate  DIP  but  excess  UIP  (high  UIP;  19.8%  CP),  and  3) 
adequate  UIP  but  excess  DIP  (high  DIP;  20.4%  CP).  Again,  there  were  no 
differences  in  uterine  pH  across  diets  (average  pH  6.83  ± .05)  at  estrus  (d  0). 
However,  on  d 7 of  the  estrous  cycle,  uterine  pH  in  those  cows  fed  the 
nonbalanced  diets  (regardless  of  what  protein  fraction  was  in  excess)  failed  to 
increase  (P  < .05)  when  compared  with  cows  fed  a balanced  CP  diet  (pH  7.13, 
6.95,  and  6.85  for  balanced,  high  UIP,  and  high  DIP,  respectively).  It  was 
concluded  that  feeding  CP  in  excess  may  be  linked  to  reduced  fertility  by 
altering  uterine  environment  (mainly  pH),  thereby  modifying  the  adequacy  of  the 
environment  for  normal  embryo  development. 

Jordan  et  al.  (1983)  compared  uterine  secretions  from  cows  fed  12  or 
23%  CP  diets.  The  23%  CP  diet  (using  soybean  meal  as  protein  source) 
provoked  greater  concentrations  of  ammonia  in  blood  (8.0  vs.  6.3  /ig/ml),  of 
urea  in  plasma  (16.8  vs.  4.8  mg/dl)  and  uterine  (17.2  vs.  6.4  mg/dl)  secretion, 
and  of  P (6.1  vs.  5.2  mg/dl)  and  K (224  vs.  216  ppm)  in  plasma.  Animals  fed 
the  high  protein  diet  also  showed  lower  uterine  concentrations  of  Mg,  P,  and  K 
and  lower  urea  concentrations  during  the  luteal  phase  of  the  estrous  cycle.  In 
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this  study,  as  in  their  previous  work  (Jordan  and  Swanson,  1979b),  no 
difference  in  concentrations  of  plasma  progesterone  between  treatment  groups 
was  found;  however,  on  d 15  of  the  standardized  estrous  cycle,  plasma 
progesterone  was  19%  greater  in  cows  fed  the  12%  compared  with  the  23%  CP 
diet  (P  > .10).  It  was  speculated  that  feeding  high  protein  diets  might  decrease 
serum  progesterone  concentrations  by  inhibiting  LH  binding  to  its  receptors  on 
the  corpus  luteum.  The  molar  amount  of  urea  to  disassociate  LH  from  its 
receptors  is  much  greater  than  any  amount  found  physiologically.  In  an  earlier 
paper,  Jordan  and  Swanson  (1979b)  reported  serum  LH  and  progesterone 
concentrations  for  cows  fed  either  12.7,  16.3,  or  19.3%  CP  diets.  Cows  fed  the 
1 2.7%  CP  diet  had  lower  basal  serum  LH  concentrations  compared  with  those 
fed  the  16.3  or  19.3%  CP  diets  (1.1  vs.  1.3  ng/ml).  Serum  LH  on  d 2 and  14  of 
the  conception  cycle  was  lower  (P  = .06)  for  cows  consuming  the  12.7%  CP 
diet  compared  with  cows  receiving  the  16.3  or  19.3%  CP  diets  (1.2  vs.  1.8  vs. 
1.8  ng/ml).  When  cows  were  injected  with  100  ng  of  gonadotropin  releasing 
hormone,  a greater  release  of  LH  was  observed  during  the  6-h  sampling  period 
by  cows  fed  19.3%  CP  compared  with  those  fed  the  12.7  or  16.3%  CP  diets 
(3660  vs.  1718  ng  min/ml).  Concentrations  of  serum  progesterone  were 
greater  on  d 1 4 of  the  first  observed  estrous  cycle  and  the  conception  cycle  of 
cows  fed  the  12.7%  CP  diet  compared  with  those  fed  the  16.3  or  19.3%  CP 
diet.  Using  weekly  data  in  the  combined  groups,  serum  LH  and  progesterone 
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concentrations  were  correlated  negatively;  thereby,  it  was  proposed  that 
progesterone  may  act  via  negative  feedback  on  LH  release  from  the  pituitary. 

In  Israel,  Folman  et  al.  (1981)  employed  three  groups  of  20  multiparous 
high-producing  cows  fed  diets  differing  in  type  and  concentration  of  soybean 
meal.  Two  groups  were  fed  16%  CP  diets,  one  containing  untreated  soybean 
meal  (16N)  and  the  other  containing  formaldehyde-treated  soybean  meal  (16F) 
to  decrease  protein  degradability  in  the  rumen.  The  third  group  consumed  a 
20%  CP  diet  (20N)  containing  untreated  SBM.  Ruminal  fluid  ammonia 
concentrations  (8.6,  10.0,  and  17.3  mg/100  ml)  and  plasma  urea  concentrations 
(8.4,  8.8,  and  15.4  mg/100  ml)  were  greater  for  cows  fed  diet  20N.  Cows  fed 
the  16F  diet  had  lower  total  VFA  concentrations  in  the  ruminal  fluid  with  greater 
molar  percentages  of  propionate  and  lower  molar  percentages  of  butyrate 
compared  with  cows  fed  the  other  diets.  Average  1 20-d  milk  yields  were 
similar,  being  40.4,  38.9,  and  38.4  kg/d  for  the  same  groups.  Protein 
consumed  per  kilogram  of  milk  produced  averaged  71,  76,  and  96  g for  cows 
fed  diets  16N,  16F,  and  20N,  respectively.  Body  weight  loss  was  unaffected  by 
diet.  Conception  rates  were  69,  56,  and  44%  and  days  from  calving  to 
conception  were  84,  98,  and  102  for  treatment  16N,  16F,  and  20N,  respectively, 
and  did  not  differ  among  treatments.  In  agreement  with  Jordan  and  Swanson 
(1979a),  this  study  hinted  that  raising  dietary  CP  concentration  increased 
number  of  days  open.  Authors  postulated  that  production  of  ammonia  or  other 
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substances  in  the  rumen  may  have  reduced  fertility  by  lowering  progesterone 
production. 

In  three  experiments  carried  out  at  three  different  locations  in  Israel  (Kaim 
et  al.,  1983),  250  high-yielding  dairy  cows  were  fed  for  18  wk  after  parturition 
either  a medium-protein  (MP)  diet  containing  15  to  16%  CP  or  a high-protein 
(HP)  diet  containing  19  to  20%  CP.  Protein  source  used  was  roasted  or 
formaldehyde-treated  soybean  meal,  and  corn  or  barley  was  used  as  energy 
source.  In  all  three  experiments,  cows  fed  the  MP  diet  consumed  an  average 
of  2.6  to  2.9  kg  CP  per  day  and  those  fed  the  HP  diet,  3.3  to  3.7  kg  CP  per 
day.  Exclusive  of  maintenance,  CP  intake  was,  on  average,  71  to  83  g per  kg 
milk  produced  for  the  MP  diet  and  84  to  112  g per  kg  milk  produced  for  the  HP 
diet.  NRC  (1989)  recommends  84  g CP/kg  of  3.5%  FCM.  Concentrations  of 
ruminal  fluid  ammonia  (9.0  vs.  14.3  mg/100  ml)  and  plasma  urea  (9.0  vs.  16.8 
mg/100  ml)  were  lower  in  cows  fed  the  MP  diet.  Amount  of  CP  intake  did  not 
affect  milk  yield.  Older  cows  produced  more  milk  than  younger  ones  (38.7  vs. 
35.5  kg/d).  Protein  intake  did  not  affect  extent  of  postpartum  loss  of  BW; 
however,  cows  in  their  fourth  and  later  lactations  lost  more  weight  compared 
with  cows  in  their  second  and  third  lactations  (P  < .01).  Protein  intake  or  age 
of  cow  did  not  affect  time  intervals  between  parturition  and  first  observed  estrus 
or  first  insemination.  Conception  rates  of  cows  in  their  second  and  third 
lactations  were  not  affected  by  dietary  CP  concentration,  being  58  and  52%  for 
cows  fed  the  MP  and  HP  diets.  However,  conception  rates  of  cows  in  their 
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fourth  and  later  lactations  that  were  fed  the  HP  diet  were  depressed  (29  vs. 
53%).  Pregnancy  rates  were  affected  in  a similar  fashion.  Proportion  of  cows 
in  their  second  and  third  lactations  that  became  pregnant  was  79  and  70%  for 
cows  fed  the  MP  and  HP  diets,  whereas  pregnancy  rates  for  cows  in  their 
fourth  and  later  lactations  were  77  and  52%  for  groups  MP  and  HP, 
respectively.  Authors  proposed  that  the  increased  weight  loss  by  older  cows 
associated  with  greater  milk  yields,  combined  with  increased  energy  costs  of 
detoxifying  ammonia  and  excreting  urea  generated  from  HP  diets,  led  to 
impaired  fertility. 

First  lactation  cows  do  not  respond  to  protein  supplementation  in  the 
same  way  as  mature  cows.  When  primiparous  and  multiparous  cows  were 
switched  from  a diet  of  12.2  to  16.2%  CP,  DMI  of  multiparous  cows  increased 
while  that  of  primiparous  cows  did  not  (Roffler  et  al.,  1978).  It  seems  likely  that 
the  contrast  in  response  reflects  differences  between  cows  and  heifers  in  their 
milk  secreting  capacity  and  metabolic  drive  to  achieve  their  mature  size 
(Oldham  et  al.,  1979).  In  primiparous  cows,  a certain  proportion  of  absorbed 
nutrients  will  be  partitioned  toward  growth  under  the  direction  of  homeorhetic 
controls  (Bauman  and  Currie,  1980).  This  is  reflected  in  the  generally  lower 
response  in  milk  production  but  greater  response  in  tissue  gain  to  increasing 
planes  of  nutrition  compared  with  mature  cattle  (Oldham,  1984).  Neilson  et  al. 
(1988)  found  that  multiparous  cows  lost  more  body  condition  (-.08  vs.  -.27) 
during  wk  1 to  9 PP  and  gained  less  BW  (29  vs.  41  kg)  during  wk  1 to  18 
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compared  with  primiparous  cows.  Multiparous  cows  outproduced  primiparous 
cows  during  wk  1 to  18  (3749  vs.  2915  kg).  This  observation  is  compatible  with 
reports  by  Ferguson  et  al.  (1986b),  who  reported  improved  probability  of 
pregnancy  (75  vs.  53%)  for  cows  more  than  58  months  of  age  when  fed  diets 
of  62%  DIP  compared  with  72%  DIP.  However,  primiparous  cows  (<  28 
months  of  age)  tended  to  have  (P  < .08)  a greater  probability  of  pregnancy  (94 
vs.  67%)  when  fed  a diet  of  72%  DIP  compared  with  62%  DIP.  Thus  effects  of 
protein  intake  on  fertility  may  be  explained  partly  by  protein  degradability  and 
age. 

Carroll  et  al.  (1988)  carried  out  a study  to  quantify  the  magnitude  of  the 
impact  of  dietary  CP  concentration  (13  vs.  20%)  and  feeding  strategy  (total 
mixed  ration  vs.  separate  feeding  of  forage  and  concentrate)  on  reproductive 
performance  of  57  dairy  cows  in  early  lactation.  Cows  were  fed  dietary 
treatments  from  d 5 to  100  postpartum.  Feeding  strategy  had  no  effect  on 
reproductive  performance.  Protein  solubility  was  31%  for  both  the  low  and  high 
CP  diets.  Calculated  protein  degradabilities  in  the  rumen  were  63  and  69%, 
respectively.  Average  NE^  intake  over  the  14  wk  was  not  different  between 
groups  fed  low  and  high  amounts  of  CP.  Cows  fed  the  20%  CP  diet  consumed 
more  CP,  had  greater  ruminal  ammonia  concentrations  (18.1  vs.  7.0  mg/100 
ml),  and  greater  urea  N concentrations  in  plasma  (24.5  vs.  10.0  mg/100  ml) 
and  vaginal  mucus  (20.9  vs.  8.2  mg/100  ml).  There  were  no  differences  in  N 
concentrations  of  various  biological  fluids  (ruminal  ammonia,  plasma  urea-N, 
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and  vaginal  mucus  urea-N)  between  cows  that  did  and  did  not  conceive  at  first 
service.  No  differences  between  cows  fed  the  low  and  high  CP  treatments  were 
detected  in  days  to  first  observed  estrus  (24  vs.  27  d),  days  to  first  service  (55 
vs.  59  d),  days  open  (72  vs.  82  d)  or  services  per  conception  (1.5  vs.  1.8). 

First  lactation  cows  experienced  more  days  to  first  estimated  ovulation 
compared  with  multiparous  cows  fed  the  20%  CP  diet  (30  vs.  14  d),  whereas 
the  13%  CP  diet  affected  both  primiparous  and  multiparous  cows  equally  (18 
vs.  15  d;  CP  intake  by  lactation  number  interaction).  Two  aspects  have  to  be 
pointed  out  about  this  research.  Firstly,  age  of  cows,  a possible  factor 
influencing  the  degree  to  which  high  protein  diets  affect  reproduction,  was  not 
examined  fully.  About  44%  of  cows  in  each  group  were  first  lactation  animals, 
but  only  1 2%  were  in  their  fourth  or  greater  lactation.  Secondly,  the 
degradability  of  the  dietary  protein  (solubility  was  used  instead)  in  the  rumen 
was  not  considered.  Some  P values  that  could  have  received  some  discussion 
were  ignored  by  the  authors.  These  included  days  to  first  service  (P  = .08), 
days  open  (P  = .17),  and  services  per  conception  (P  = .17).  Carroll  et  al. 
(1988)  concluded  that  instituting  a controlled  reproductive  management 
program  during  early  lactation  along  with  the  feeding  of  20%  CP  diets  did  not 
decrease  gross  measurements  of  reproductive  performance.  In  contrast, 
however,  days  to  first  estimated  ovulation,  a measurement  that  is  least  affected 
by  detection  of  estrus  and  breeding  protocols,  may  provide  evidence  to  support 
that  high  CP  intake  could  have  a significant  biological  effect  on  reproduction. 
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Carroll  et  al.  (1988)  recognized  that  when  data  for  all  cows,  regardless  of 
reproductive  health  status,  were  considered,  trends  toward  increasing  services 
per  conception  and  days  open  by  cows  fed  the  20%  CP  diet  were  similar  to 
those  reported  by  Jordan  and  Swanson  (1979a),  Folman  et  al.  (1981),  and 
Kaim  et  al.  (1983).  In  summary,  authors  stated  that  individual  animals,  such  as 
first  iactation  cows,  animais  in  poor  health,  older  cows,  or  those  with  factors  not 
yet  identified  may  be  affected  negatively  by  high  CP  intake,  whereas  second  or 
third  lactation  cows  seemingly  were  unaffected. 

Up  to  now,  studies  reporting  a possibie  negative  influence  of  diets  high  in 
CP  concentration  on  fertility  have  been  summarized.  Other  studies  have  shown 
no  effect.  Edwards  et  al.  (1980)  compared  diets  containing  13,  15,  and  17%  CP 
for  dairy  cows  during  the  entire  lactation.  Cows  receiving  diets  of  15  or  17% 
protein  produced  more  milk,  fat,  protein,  and  SNF  compared  with  cows 
receiving  the  13%  protein  diet.  Services  per  conception  (2.3,  2.6,  and  2.7)  and 
days  open  (123,  141,  and  139)  tended  to  increase  as  protein  concentration  of 
diets  increased. 

Huber  (1982)  reviewed  several  studies  that  reported  the  reproductive 
performance  of  dairy  cows  fed  diets  having  different  protein  concentrations.  No 
relationship  between  reproductive  performance  and  high  intake  of  protein  was 
found. 

Howard  et  al.  (1987)  fed  146  cows  (109  Holstein  and  37  Ayrshires)  either 
a 15  or  20%  CP  diet  from  d 10  to  d 149  of  lactation.  Concentration  of  ruminally 
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undegradable  protein  in  the  moderate  and  high  protein  concentrate  mixtures 
was  6.5  and  9.9%  of  total  diet  and  64  and  63%  of  dietary  CP  (as-fed  basis). 
Concentration  of  plasma  urea  nitrogen  increased  rapidly  during  the  first  4 wk  of 
the  experiment.  Cows  fed  the  20%  protein  diet  maintained  a 10  mg  urea/dl  of 
plasma  increase  over  cows  fed  the  1 5%  protein  diet  after  the  fourth  week  on 
experimental  diets  (26  vs.  16  mg/dl).  Milk  production  was  enhanced  by  cows 
fed  the  20%  CP  diet,  but  percentage  of  milk  fat  and  protein  were  unchanged. 
Mean  daily  DMI  was  unaffected  by  diet.  Decreases  in  BW  and  body  condition 
were  small,  although  cows  fed  the  15%  protein  diet  lost  more  (P  < .01) 
condition  (.65  vs.  .40;  scale  1 to  9).  Dietary  treatments  did  not  affect  the 
postpartum  interval  to  development  of  first  normal  corpus  luteum  and  standing 
estrus.  For  all  cows,  days  open,  services  per  conception,  and  percentage  of 
cows  pregnant  were  80,  1 .40,  and  85,  respectively.  Authors  concluded  that 
20%  CP  diets  did  not  impact  reproductive  performance  in  a negative  way. 
Furthermore,  authors  proposed  several  potential  reasons  for  why  their  results 
showed  no  negative  effects  of  dietary  CP  concentrations  on  fertility  in  contrasts 
to  other  studies.  First,  all  cows  in  their  study  were  fed  individually  to  achieve  ad 
libitum  consumption,  thus  CP  deficiencies  were  avoided.  Second,  the  number 
of  cows  per  treatment  was  greater,  2.5  to  3 times  that  used  by  Jordan  and 
Swanson  (1979a)  and  Folman  et  al.  (1981).  Third,  the  reproductive  system  was 
monitored  closely  during  postpartum  involution,  allowing  infected  cows  to  be 
treated  early  and  removed  from  the  experiment  if  unresponsive  to  treatment. 
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Fourth,  the  number  of  persons  performing  inseminations  was  restricted  mainly 
to  one  experienced  inseminator  (unaware  of  treatments  imposed).  Fifth,  only 
semen  from  one  freeze  batch  per  breed  was  used  for  Al;  this  strategy  greatly 
limited  variation  in  fertility  to  that  associated  with  the  cows.  Sixth,  at  a detected 
estrus,  only  one  insemination  was  given,  whereas  others  (Folman  et  al.,  1981; 
Kaim  et  al.,  1983)  gave  more  than  one  on  occasion.  And  seventh,  a defined 
breeding  period  of  sufficient  length  (90  d)  beginning  55  d postpartum  was  used 
to  compare  reproductive  performance. 

All  of  the  above  factors  are  important  in  carrying  out  well  designed  and 
adequately  controlled  experiments.  However,  two  factors  that  are  suspected  to 
influence  protein-fertility  relationships,  that  is,  age  of  the  cow  and  degradability 
of  dietary  protein  in  the  rumen,  were  not  tested  in  the  experiment  of  Howard  et 
al.  (1987).  Age  distribution  of  cows  was  not  reported  in  their  study,  although 
only  multiparous  cows  were  used.  Also,  protein  degradability  was  the  same  for 
both  diets  (63  and  64%).  Furthermore,  it  is  questionable  whether  these  cows 
were  in  a homeorhetic  state.  Atypically,  cows  in  their  study  lost  very  little  BW 
postpartum.  Finally,  if  high  dietary  CP  is  affecting  reproductive  performance 
through  other  mechanisms  such  as  integrity  of  the  immune  system  (resistance 
to  infections),  Howard  et  al.  (1987)  discarded  the  opportunity  of  testing  that 
possibility  when  cows  presenting  uterine  infections  were  removed  from  the 
study.  Therefore,  conclusions  drawn  can  be  applied  only  to  healthy,  lactating 


cows. 
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Ruminal  degradability  of  dietary  CP  fed  to  lactating  cows  can  be  modified 
by  changing  feedstuffs  and  is  a key  characteristic  defining  protein  character. 

The  effect  of  feeding  diets  with  different  protein  degradabilities  on  reproduction 
has  been  tested.  Ruegsegger  and  Schultz  (1985)  fed  diets  containing  SBM 
formulated  to  20%  CP  (control;  C)  or  heat-treated  whole  soybeans  formulated 
to  25%  CP  (HTWSB)  to  58  cows  for  15  wk  beginning  d 10  PP.  Data  not 
included  in  the  statistical  analysis  were  from  cows  that  failed  to  conceive  due  to 
a cystic  condition  or  cows  used  for  a superovulation  study.  The  remaining 
cows  (n  = 47;  27  in  the  control  and  20  in  the  HTWSB  group)  did  not  respond 
differently  in  the  time  to  first  estrus  (50  vs.  63  d),  to  first  service  (75  vs.  85  d), 
days  open  (115  vs.  109  d),  from  first  service  to  conception  (40  vs.  24  d),  and 
the  number  of  services  per  conception  (2.1  vs.  1.8).  Authors  claimed  that  the 
lack  of  treatment  effect  on  reproductive  measurements  might  be  a consequence 
of  the  small  number  of  animals  used. 

McCormick  et  al.  (1992)  studied  the  relationship  between  high  PUN  and 
reproduction  by  changing  the  forage  and  the  protein  source  in  the  supplement 
offered  to  130  cows  during  early  lactation  for  two  successive  years.  Treatments 
were  1)  unlimited  grazing  of  ryegrass  plus  a concentrate  containing  SBM  (RG- 
SBM),  2)  ryegrass  grazed  once  daily  plus  corn  silage  plus  the  same 
concentrate  mix  (CS-SBM),  and  3)  ryegrass  grazed  once  daily  plus  corn  silage 
plus  a grain  mix  containing  CGM  and  FM  instead  of  SBM  (CS-CGM/FM).  Diets 
were  estimated  to  contain  22.5  and  28.5,  17.2  and  34.0,  and  17.2  and  38.2%  of 
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CP  and  UIP,  respectively.  Concentrations  of  PUN  were  increased  by  diet  RG- 
SBM  (25.1  mg/dl)  compared  with  that  of  cows  fed  CS-SBM  or  CS-CGM/FM 
diets  (20.1  and  18.2  mg/dl).  Average  days  open  (101.3  d)  and  services  per 
conception  (2.19)  were  not  affected  by  dietary  treatments.  Conception  rates 
overall  and  at  first  service  for  diets  RG-SBM,  CS-SBM,  and  CS-CGM/FM, 
respectively,  during  yr  1 were  77.3  and  28.0,  72.2  and  39.1,  and  58.3  and  34.8; 
and  for  yr  2 were  45.0  and  15.0,  44.4  and  16.7,  and  47.6  and  26.3.  Early 
embryonic  deaths  per  conception  were  5 of  14,  9 of  17,  and  4 of  13.  No 
statistical  significance  was  conferred  by  the  authors. 

The  effect  of  source  and  amount  of  protein  on  reproductive  performance 
of  dairy  cows  was  evaluated  by  Bruckental  et  al.  (1989).  Two  hundred  and 
forty  cows  (90  primiparous)  were  assigned  randomly  to  one  of  three  dietary 
treatments  at  calving.  The  control  diet  contained  17%  CP  where  SBM 
constituted  4.2%  of  diet  DM  (LSBM).  The  other  two  dietary  treatments  provided 
21%  CP  by  including  24%  of  DM  as  SBM  (HSBM)  or  a combination  of  SBM 
(14.6%)  and  FM  (7.3%;  HFM).  Multiparous  cows  were  fed  from  calving  to  24 
wk  and  primiparous  cows  to  12  wk  PP.  Reproductive  management  consisted  of 
detection  of  estrus  activity  and  insemination  after  45  d postpartum.  Pregnancy 
rate  was  defined  as  those  cows  pregnant  out  of  the  total  number  of  cows 
inseminated  by  16  wk  PP.  The  proportion  of  cows  detected  in  estrus  for  first 
(58,  50,  and  65%)  or  second  and  third  (71,  53,  and  62%)  lactation  cows  fed 
LSBM,  HSBM,  and  HFM  diets,  respectively  was  not  different.  However,  a 
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greater  (P  < .05)  percentage  of  cows  in  their  fourth  or  later  lactation  showed 
estrus  signs  when  fed  LSBM  compared  with  HFM  diets  (57  vs.  13%),  but  no 
difference  for  cows  fed  the  HSBM  diet  (31%).  Conception  rates  following  the 
first  two  Al  were  not  affected  by  diet  or  lactation  number.  Conception  rates 
summarized  for  all  parities  following  the  first  two  services  were  48,  43,  and  52% 
for  cows  fed  the  LSBM,  HSBM,  and  HFM  diets,  respectively.  However, 
pregnancy  rates  after  16  wk  PP  were  different  when  analyzed  across  all  parities. 
Cows  fed  the  HFM  diet  had  the  highest  pregnancy  rate  (72%),  those  fed  the 
LSBM  diet  the  intermediate  rate  (65%),  and  those  fed  the  HSBM  diet  the  lowest 
rate  (52%).  Authors  concluded  that  the  adverse  effect  seen  when  feeding  a 
high  protein  diet  could  be  related  more  to  the  energy  and  metabolic  status  of 
the  cows  than  to  parity  itself.  The  greater  fertility  of  cows  fed  the  FM- 
supplemented  diet  could  be  related  to  a more  positive  energy  status,  as  BW 
gains  after  minimum  BW  was  attained  mirrored  those  of  pregnancy  rate:  310, 
220,  and  160  g/d  for  diets  HFM,  LSBM,  and  HSBM,  respectively. 

Armstrong  et  al.  (1990)  tested  the  effect  of  increasing  the  intake  of 
concentrate  (.8,  4.0,  and  7.2  kg/d)  and  either  0 or  .8  kg  of  FM/d  substituted  for 
an  equal  portion  of  concentrate  on  performance  of  Holstein  cows.  Inclusion  of 
FM  improved  (P  < .05)  conception  rates  at  all  services  (64  vs.  44%)  and 
reduced  (P  < .01)  the  number  of  services  per  conception  (1.62  vs.  2.31).  No 
differences  were  found  in  other  reproductive  parameters  such  as  time  to  first 
progesterone  rise  (35  vs.  29  d)  or  to  first  service  (77  vs.  73  d)  for  FM 
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supplemented  cows  or  controls.  Improved  fertility  detected  in  this  experiment 
was  attributed  to  a greater  availability  of  protein  at  the  tissue  level. 

Canfield  et  al.  (1990)  studied  the  reproductive  responses  of  early 
postpartum  cows  and  heifers  to  diets  (1 6 vs.  1 9%  CP)  calculated  to  meet 
recommendations  for  DIP  but  exceeding  that  for  DIP.  Days  to  first  ovulation  for 
cows  (72.7  vs.  70.8  d)  and  heifers  (77.1  vs.  67.6  d)  fed  16  or  19%  CP  diets, 
were  not  affected  by  dietary  treatments  or  parity.  However,  first  service 
conception  rates  were  reduced  (P  < .05)  when  high  protein  diets  were  fed  to 
cows  (47  vs.  31%)  and  heifers  (50  vs.  31%).  Authors  concluded  that  changes 
in  the  uterine  environment  were  the  most  probable  cause  of  depressed  fertility 
when  CP  content  in  the  diet  was  increased  from  16  to  19%  of  DM. 

Finally,  a more  recent  report,  Figueroa  et  al.  (1992)  studied  the  effect  of 
feeding  diets  containing  20%  CP,  but  different  UIP  (35  vs.  40%  of  CP) 
concentrations,  to  30  lactating  cows  from  d 2 to  1 25  PP.  Average  number  of 
days  to  first  standing  heat  (82  vs.  69),  number  of  services  per  conception  (1.26 
vs.  1.13),  and  percentage  of  pregnant  cows  at  the  end  of  the  study  (66.6  vs. 
53.3%)  were  not  different  (P  > .10)  between  cows  fed  the  low  (35%  UIP)  and 
the  high  (40%  UIP)  diets.  However,  time  to  first  luteal  activity  (50  vs.  34  d)  and 
to  first  progesterone  peak  (60  vs.  44  d)  were  reduced  (P  < .01)  by  feeding 
diets  with  high  UIP  content.  No  impact  of  dietary  treatments  was  detected  on 
concentrations  of  PUN  (20.0  vs.  20.7  mg/dl),  PNHg  (.59  vs.  .56  mg/dl),  and 
cervical  mucus  urea  (22.6  vs.  23.0  mg/dl)  of  cows  fed  the  low  or  high  UIP  diets. 
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In  summary,  feeding  diets  containing  different  concentrations  of 
degradable  protein  to  dairy  cows  during  early  lactation  might  result  in  a delayed 
establishment  of  ovarian  activity  PP,  as  well  as  a possible  reduction  in  fertility. 

Proposed  Mechanisms  of  High  Protein  Intake  on  Reproduction 
Several  mechanisms  of  dietary  protein  effects  on  fertility  have  been 
postulated.  These  mechanisms  can  be  arranged  into  the  following  three  global 
categories:  1)  changes  in  environment  of  the  reproductive  tract;  2)  alterations  in 
the  concentrations  of  hormones  involved  in  controlling  reproductive  events,  and 
3)  alteration  of  metabolism  and  energy  status  caused  by  dietary  imbalances  in 
protein  and  energy. 

Of  the  three  categories,  changes  in  the  reproductive  environment  has 
been  the  subject  most  frequently  studied.  One  hypothesized  mechanism  claims 
that  toxic  byproducts  of  N metabolism  from  the  rumen  or  after  their 
transformation  in  liver,  may  impair  survival  of  sperm,  ova,  or  embryos.  Feeding 
excess  amounts  of  degradable  protein  can  lead  to  elevated  concentrations  of 
ammonia,  urea,  or  other  unidentified  nitrogenous  compounds  in  bodily  tissues 
(Jordan  and  Swanson,  1979a;  Folman  et  al.,  1981;  Ferguson  et  al.,  1988; 
Ferguson  et  al.,  1987;  Blanchard  et  al.,  1990;  Chalupa  and  Ferguson,  1988a,b). 
Ammonia  itself  can  cause  derangements  in  intermediary  metabolism  and 
influence  blood  concentrations  of  glucose,  lactate,  free  fatty  acids,  and  urea 
(Visek,  1984;  Fernandez  et  al.,  1988;  Veen  and  Bakker,  1988)  and  influence 
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endocrine  (Visek,  1984)  and  corpus  luteum  function  (Jordan  et  al.,  1983; 
Ferguson  and  Chalupa,  1989). 

As  previously  mentioned,  feeding  high  amounts  of  dietary  protein, 
especially  protein  of  high  degradability  in  the  rumen,  will  increase 
concentrations  of  circulating  ammonia  in  the  blood.  The  presence  of  high 
quantities  of  ammonia  in  blood  would  indicate  that  the  capacity  of  the  liver  to 
convert  ammonia  to  urea  has  been  exceeded  due  to  a lack  of  urea  cycle 
intermediates  or  due  to  a pathological  condition  of  the  liver  (fatty  liver). 

Ammonia  diffuses  freely  through  membranes  and  accumulates  in  the  peripheral 
tissues,  being  released  slowly  overtime. 

In  cases  when  blood  ammonia  concentrations  are  increased,  the  two 
following  responses  are  triggered:  1)  peripheral  tissues  will  augment  ammonia 
uptake  in  order  to  decrease  circulating  ammonia  and  protect  the  central 
nervous  system  (CNS)  from  excessive  exposure  and  2)  activity  of  all  urea  cycle 
enzymes  in  liver  operate  maximally.  Urea  feeding  has  been  studied  under 
experimental  conditions  more  than  any  other  nitrogenous  compound  and,  for 
some  researchers,  there  is  not  enough  evidence  to  suggest  an  ammonia 
poisoning  from  protein  feeding  (Chalmers  et  al.,  1971).  However,  blood  is  not  a 
good  indicator  of  the  degree  of  ammonia  toxicity  as  ammonia  concentrations  in 
blood  seem  to  be  less  affected  than  urea  concentrations  (Claypool  et  al.,  1980). 

The  urea  cycle  of  the  liver  synthesizes  urea,  a less  toxic  metabolite  than 
ammonia,  which  is  excreted  into  the  blood  stream  ready  to  be  cleared  by  the 
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kidney.  According  to  several  investigators  (Johnson  et  al.,  1986;  Holtz  et  al., 
1986;  Canfield  et  al.,  1990),  the  greater  increase  in  blood  is  urea-N  rather  than 
ammonia-N.  Therefore  an  increase  in  blood  urea  concentration  might  represent 
the  kidney’s  inability  to  clear  all  urea  formed  by  the  liver.  On  balance,  urea 
rather  than  ammonia  could  be  responsible  to  a greater  degree  for  observed 
alterations  on  reproductive  function,  or  perhaps  subclinical  concentrations  of 
ammonia  are  great  enough  to  exert  a negative  influence. 

As  a consequence,  in  the  situation  during  early  lactation  where  lipids  are 
mobilized  to  a great  extent  (Clark  and  Davis,  1980;  McNamara,  1989), 
increasing  ammonia  concentrations  coming  from  the  digestive  tract  may 
exacerbate  even  more  the  symptoms  of  a fatty  liver  condition.  This  may  result 
in  a diminished  efficiency  of  the  liver  to  detoxify  ammonia  and  therefore, 
resulting  in  a build  up  of  this  metabolite  and  urea  in  bodily  tissues  and  fluids. 
Elevated  concentrations  of  blood  urea  and  ammonia  constantly  are  associated 
with  increases  in  urea  and  ammonia  concentrations  in  reproductive  tissues  and 
fluids  (Jordan  et  al.,1983;  Johnson  et  al.,1986;  Holtz  et  al.,  1986;  Carroll  et  al., 
1988;  Duby  et  al.,  1984;  Canfield  et  al.,  1990),  and  allusive  of  the  principal 
cause  of  reproductive  failure  (Ferguson  et  al.,  1986a). 

However,  the  data  are  not  clear.  Urea  has  proven  to  be  a very  efficient 
spermicide  in  vitro  (Umezaki  and  Fordney-Settlage,  1975),  but  the  effect  seems 
to  vary  under  biological  conditions.  Swanson’s  group  (Williams  et  al.,  1987) 
conducted  a series  of  studies  investigating  possible  harmful  effects  of 
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compounds  in  the  uterine  environment  on  sperm  viability  and  embryo  survival. 
Holstein  cows  fed  diets  of  12  or  23%  CP  were  flushed  on  d 1,  5,  and  10  of  the 
estrous  cycle  (d  0 = estrus).  Uterine  flushings  were  incubated  with  bovine 
semen  at  37  *C.  Bovine  spermatozoa  did  not  show  any  differences  in  percent 
motility  or  percent  intact  acrosomes  due  to  CP  intake.  In  a second  experiment, 
in  vitro  fertilization  of  mouse  oocytes  with  mouse  spermatozoa  preincubated  for 
1 h in  bovine  uterine  flushings  from  cows  in  experiment  one  was  examined.  No 
effect  was  found  due  to  treatment.  In  a final  experiment,  two-cell  mouse 
embryos  were  incubated  in  uterine  flushings  from  cows  in  experiment  one  and 
observed  for  development.  Embryo  development  was  enhanced  when 
incubated  in  uterine  flushings  from  cows  fed  the  23%  CP  diet.  Authors  offered 
no  explanation  for  this  effect.  Results  were  in  accordance  with  those  reported 
by  Carroll  et  al.  (1988),  Abdul-Wahid  et  al.  (1986),  and  Holtz  et  al.  (1986),  and 
more  recently  Figueroa  et  al.  (1992).  Other  researchers  have  disagreed. 
Blanchard  et  al.  (1990)  fed  diets  formulated  to  be  isocaloric  (1.66  Mcal/kg)  and 
isonitrogenous  (2.58%)  but  different  in  the  amount  of  protein  degraded  in  the 
rumen  (73  vs.  64%)  to  Holstein  cows  in  early  lactation.  Cows  were 
superovulated,  inseminated,  and  ova  recovered  by  flushing  7 d after  Al.  Mean 
percentages  of  fertilized  and  transferable  ova  recovered  from  cows  fed  the  diet 
containing  the  more  ruminally  degradable  protein  were  lowered.  Investigators 
contended  that  the  infertility  sometimes  reported  to  occur  in  dairy  cows  fed  high 
amounts  of  CP  may  result  from  fertilization  failure  or  early  degeneration  of  ova. 
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Carroll  et  al.  (1988)  suggested  that  excessive  CP  intake  may  lower  fertility 
through  suppression  of  the  immune  system  via  elevated  concentrations  of 
circulating  ammonia.  Their  proposal  is  based  on  results  of  in  vitro  trials 
indicating  that  elevated  systemic  ammonia  may  reduce  the 
immunoresponsiveness  of  animals  against  infectious  diseases.  First  lactation 
cows  with  uterine  infections  fed  a 20%  CP  diet  had  prolonged  days  to  first 
estimated  ovulation  compared  with  cows  having  uterine  infections  fed  a 13%  CP 
diet,  suggesting  a possible  interaction  of  protein  intake  and  reproductive  health 
disorders  on  reproductive  performance. 

Another  proposed  mechanism  is  that  imbalances  in  protein  and  energy 
supply  to  the  animal  may  affect  efficiency  of  metabolism  and  energy  status 
(Sonderegger  and  Schurch,  1977;  Chalupa,  1984;  Swanson,  1989).  High 
intakes  of  protein  that  are  degraded  rapidly  in  the  rumen  or  high  intakes  of  NPN 
resulting  in  elevated  ammonia  concentrations  can  interfere  with  intermediary 
metabolism  (Visek,  1984).  Prior  et  al.  (1970)  also  reported  that  high 
concentrations  of  ammonia  can  influence  the  normal  functioning  of  the 
tricarboxylic  acid  cycle  and,  as  a repercussion,  interfere  with  energy  metabolism 
in  the  liver. 

During  early  lactation,  dietary  intake  falls  behind  in  the  race  to  keep 
enough  nutrients  available  for  milk  production.  Amount  of  nutrients  leaving  the 
body  pool  is  greater  than  the  amount  of  nutrients  entering  it  resulting  in  a 
negative  energy  state  for  the  cow.  Rate  of  mobilization  of  body  reserves  such 
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as  AA,  lipids,  and  carbohydrates  is  increased  during  this  time  (Oldham,  1984; 

* 

Butler  and  Smith,  1989).  At  this  stage  of  lactation,  high  yielding  dairy  cows 
often  have  fatty  livers  (Hibbitt,  1988;  Huszenicza  et  al.,  1988).  Cows  having  a 
fatty  liver  condition  have  a limited  capacity  to  detoxify  their  body  of  ammonia 
coming  from  the  digestive  tract.  Elevated  blood  ammonia  concentrations  have 
been  related  positively  to  elevated  plasma  concentrations  of  NEFA  (Fernandez 
et  al.,  1988;  Visek,  1984).  Resulting  consequences  may  include  a reduced 
ability:  to  produce  several  intermediates  for  the  synthesis  of  reproductive 
steroids  such  as  cholesterol  (Huszenicza  et  al.,  1988),  to  clear  other  hormones 
also  related  to  reproductive  function  such  as  insulin  (Barej  and  Harmeyer,  1979; 
Fernandez  et  al.,  1988),  and  to  synthesize  glucose  (Hibbitt,  1988;  Aiello  et  al., 
1985)  or  to  utilize  glucose  (Fernandez  et  al.,  1988). 

Amino  acids  are  used  primarily  for  synthesis  of  protein,  but  they  also  are 
metabolized  for  energy  and  used  as  carbon  sources  for  synthesis  of  glucose 
(gluconeogenesis),  the  primary  nutrient  limiting  milk  synthesis.  Conception  by 
older  cows  was  reduced  when  dietary  CP  (Kaim  et  al.,  1983)  and  degradable 
protein  intake  (Ferguson  et  al.,  1986a,b;  Ferguson  et  al.,  1987)  were  increased 
in  isocaloric  diets.  Thus,  excess  AA  relative  to  requirement  may  influence 
reproduction  through  indirect  effects  on  energy  balance  and  nutrient 
partitioning.  Furthermore,  a NES  may  be  exacerbated  by  feeding  excess 
protein  because  energy  is  required  to  metabolize  excess  protein  (Swanson, 
1989).  On  this  subject,  Canfield  et  al.  (1990)  studied  the  effects  of  over-feeding 


37 


ruminally  degradable  protein  (98  vs.  120%  of  recommended  DIP;  16  vs.  19% 

CP)  on  energy  status  and  some  reproductive  variables  of  primiparous  and 
multiparous,  lactating  Holstein  cows.  Cows  fed  the  1 9%  CP  diet  experienced 
increased  milk  production  and  DMI.  Days  to  NES  nadir  and  average  energy 
status  (Meal /d)  during  the  first  1 4 d PP  were  not  affected  by  diets.  Neither  diet 
nor  parity  had  any  effect  on  days  to  first  ovulation  (27  vs.  31  d)  or  days  to  first 
service  (75  vs.  69  d).  However,  first  service  conception  rate  was  lower  for  cows 
fed  the  highly  degradable  CP  diet  (31  vs.  48%).  Canfield  et  al.  (1990) 
concluded  that  the  detrimental  effect  of  feeding  high  amounts  of  degradable 
protein  on  reproductive  performance  of  dairy  cows  was  not  mediated  by 
increasing  the  negative  energy  status  through  increasing  energy  costs  of 
detoxifying  ammonia. 

Another  mechanism  whereby  excessive  CP  intake  may  be  affecting 
reproductive  performance  is  through  the  endocrine  balance.  Protein  effects  on 
endocrine  function  have  not  been  characterized  well.  Luteal  function  has  been 
studied  by  measuring  blood  progesterone  concentrations.  Progesterone  has 
been  related  to  follicular  maturation,  transport  of  embryos  from  site  of 
fertilization  to  the  implantation  site,  stimulation  of  uterine  milk  from  endometrial 
glands,  and  maintenance  of  an  adequate  uterine  environment  favorable  to 
pregnancy  (Smith,  1986).  It  was  proposed  that  high  concentrations  of  plasma 
progesterone  (>  4 ng/ml)  at  the  peak  of  the  luteal  phase  at  least  one  estrous 
cycle  preceding  insemination  is  associated  with  greater  conception  rates 
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(Folman  et  al.,  1973).  It  was  hypothesized  that  elevated  ammonia  may  reduce 
fertility  by  lowering  progesterone  production  (Folman  et  al.,  1981).  Jordan  and 
Swanson  (1979b)  reported  that  serum  progesterone  concentrations  of  dairy 
cows  were  greater  on  d 1 4 of  the  first  estrous  cycle  and  the  conception  cycle 
when  fed  a 12.7%  CP  diet  compared  with  a 16.3  or  19.3%  CP  diet.  A negative 
correlation  between  serum  LH  and  progesterone  concentrations  also  was 
reported,  suggesting  that  progesterone  may  have  a negative  feedback  on  LH 
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release  from  the  pituitary.  In  another  experiment,  Jordan  et  al.  (1983)  could  not 
establish  any  difference  in  plasma  progesterone  concentrations  between  dairy 
cows  receiving  12  or  23%  CP  diets  from  d 40  to  81  postpartum.  However, 
plasma  progesterone  concentration  was  19%  lower  on  d 15  of  the  standardized 
estrous  cycle  in  cows  fed  the  23%  CP  diet.  Authors  proposed  that  high  urea  N 
or  ammonia  concentrations  in  uterine  secretions  and  plasma  may  reduce  LH 
binding  to  ovarian  receptors,  leading  to  a decrease  in  serum  progesterone 
concentration  and  fertility.  Ferguson  and  Chalupa  (1989)  also  reported  that 
serum  progesterone  concentrations  declined  as  dietary  CP  concentration 
increased  from  1 3 to  15%  but  changed  little  as  CP  increased  from  1 5 to  20%. 
These  results  suggest  that  changes  in  serum  progesterone  might  occur  at 
concentrations  of  dietary  CP  that  exceed  the  microbial  requirement  for 
degradable  protein.  Two  other  reports  (Lopez  et  al.,  1989;  Vincent  et  al.,  1989) 
also  support  the  idea  that  nutritional  stresses  might  influence  functionality  of  the 
corpus  luteum.  Ferguson  and  Chalupa  (1989)  recommended  that  this 
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relationship  needs  to  be  tested,  controlling  for  protein  source,  serum 
metabolites,  and  energy  status. 

Proper  ovarian  function  requires  not  only  synthesis  of  steroid  hormones 
but  also  follicular  growth  and  development.  Butler  and  Smith  (1989) 
summarized  the  interactions  of  the  most  important  factors  affecting  ovarian 
activity  in  postpartum  cows.  Reestablishment  of  a normal  LH  pattern  is  the  key 
factor  responsible  for  ovarian  follicular  development  and  the  initiation  of  PP 
ovarian  activity.  Under  this  scheme,  suckling  or  maternalization,  acting  directly 
or  through  prolactin  stimuli,  and  undernutrition  are  the  more  important  factors 
negatively  influencing  LH  pulse  secretion.  Undernutrition  is  comparable  to  the 
early  lactation  period  in  cows,  which  experienced  a NES  due  to  high  milk  yields 
coupled  with  limited  feed  intakes.  During  this  state,  low  blood  glucose 
concentrations  and  high  tissue  mobilization  of  NEFA  are  characteristic  signs. 
Low  serum  glucose  concentrations  were  associated  with  decreased  LH  pulse 
frequency  and  amplitude  and  resulted  in  diminished  progesterone  production  by 
the  corpus  luteum  (Smith,  1986).  However,  serum  insulin  concentration  is 
influenced  by  nutrient  supply  and  insulin  may  influence  reproduction  (Butler  and 
Smith,  1989).  Under  this  assumption,  NES  will  act  on  blood  glucose 
(hypoglycemia)  and,  as  a result,  a hypoinsulinemia  may  result.  Low  insulin 
would  enhance  lipolysis  in  adipose  tissue  as  a mechanism  to  increase 
availability  of  free  fatty  acids  and  to  spare  glucose  for  use  by  central  nervous 
system.  The  presence  of  low  insulin  and  the  increased  production  and 
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Utilization  of  NEFA  and  ketones  will  depress  directly  the  GnRH  system  as  well 
as  LH  pulse  pattern  (Butler  and  Smith,  1989).  Insulin,  on  the  other  hand,  has 
been  shown  to  exert  similar  actions  on  ovarian  tissue  as  those  of  pituitary 
gonadotropins  (Poretsky  and  Kalin,  1987).  Insulin,  glucose,  and  NEFA 
concentrations  in  blood  often  are  affected  (Spires  and  Clark,  1979;  Barej  and 
Harmeyer,  1979;  Davidovich  et  al.,  1977;  Fernandez  et  al.,  1988)  during 
hyperammonemia.  Increasing  ammonia  in  blood  constantly  increased  blood 
concentrations  of  urea-N  and  NEFA.  Therefore,  based  on  these  facts,  another 
hypothesis  on  how  dietary  protein  intake  might  affect  reproduction  can  be 
formulated.  Changes  in  blood  hormones  or  metabolites  may  act  as 
messengers  to  the  CNS  of  the  energetic  status  of  the  animal.  Therefore,  the 
animal  will  be  unable  to  engage  in  any  reproductive  activity  until  conditions  are 
appropriate  to  ensure  survival  of  the  product. 

The  influence  of  protein  intake  on  pituitary  function  is  not  clear.  Jordan 
and  Swanson  (1979b)  reported  that  cows  fed  diets  of  high  CP  (19.3%)  had 
increased  basal  serum  concentrations  of  LH,  possibly  related  to  low  serum 
concentrations  of  progesterone  and  an  exaggerated  pituitary  release  of  LH  in 
response  to  LHRH  injection.  Blauwiekel  et  al.  (1986)  studied  the  effects  of  high 
concentrations  of  dietary  protein  on  pituitary  regulation  of  LH  in  intact  (1 5 vs. 
25%  CP)  and  ovariectomized  (24%  CP)  cows.  Authors  reported  no  difference 
in  pulsatile  blood  LH  patterns,  pituitary  LH  content,  and  number  of  LHRH 
receptors  between  groups  due  to  dietary  treatments.  Blauwiekel  et  al.  (1986) 
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concluded  that  high  dietary  CP  did  not  have  a primary  effect  on  LH  or 
progesterone  concentrations.  However,  it  can  be  argued  that  cows  were 
nonlactating  and  therefore  did  not  have  the  same  nutritional  stresses  as  a 
lactating  animal. 

In  conclusion,  the  hypothalamic-hypophyseal-ovarian  axis  seems  to  be 
sensitive  to  alterations  in  serum  insulin,  glucose,  and  NEFA  concentrations. 
Increasing  blood  ammonia  concentrations  were  reported  to  coincide  with 
decreased  concentrations  of  blood  insulin,  to  increased  concentrations  of 
NEFA,  and  sometimes  create  hyperglycemia.  These  changes  are  similar  to 
those  seen  in  cows  losing  BW  and  in  NES.  Thus,  some  of  the  effects  of  protein 
intake  on  fertility  may  be  the  result  of  alterations  in  energy  balance,  which  then 
influence  endocrine  function.  Research  is  needed  that  will  control  interaction 
between  protein  supply,  energy  status,  and  nutrient  partitioning  to  study  intake 
protein  effects  on  the  hypothalamic-pituitary-ovarian  axis  (Ferguson  and 
Chalupa,  1989). 

Effect  of  Supplemental  Fat  on  Digestion  and  Production 

Feeding  supplemental  fats  as  high  energy  feedstuffs  to  dairy  cows  has 
become  a common  practice  to  meet  the  energy  requirements  during  lactation 
and  to  improve  milk  production,  energy  status,  and  lately,  reproductive 
performance  of  lactating  dairy  cows.  This  is  very  important,  especially  during 
early  postpartum  when  the  physical  capacity  of  the  cow  to  consume  feed  is  not 
adequate  to  meet  the  energy  required  for  milk  production  and  maintenance  of 
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bodily  functions.  Fat  supplements  have  been  used  experimentally  in  a wide 
array  of  forms,  ranging  from  oilseeds  like  safflower  (Stegeman  et  al.,  1992), 
sunflower  (Stegeman  et  al.,  1992),  cottonseeds  (Sklan  et  al.,  1992),  peanut 
hearts  (Johnson  et  al.,  1988),  canola  (Khorasani  et  al.,  1991),  rapeseeds 
(Gagliostro  et  al.,  1991;  Ferlay  and  Doreau,  1992)  and  soybeans  (Schauff  et  al., 
1992a  and  b;  Grant  and  Weidner,  1992;  Kim  et  al.,  1991),  to  yellow  grease 
(DePeters  et  al.,  1989),  to  medium-chain  triglycerides  (Grummer  and  Socha, 
1989),  to  hydrogenated  fat  (Jenkins,  1990;  Drackley  and  Elliott,  1993),  to  prilled 
fat  (Skaar  et  al.,  1989;  Ferguson  et  al.,  1990;  Jerred  et  al.,  1990),  to  calcium 
soaps  of  fat  (Schauff  and  Clark,  1992;  Schauff  et  al.,  1992b;  Erickson  et  al., 
1992;  Firkins  and  Eastridge,  1992;  Sklan  et  al.,  1992;  Schneider  et  al.,  1988)  to 
tallow  (Kronfeld  et  al.,  1980;  Schauff  et  al.,  1992a;  Drackley  and  Elliott,  1993).  A 
principal  problem  faced  when  using  supplemental  fats  in  diets  for  ruminants  is 
the  effect  that  oils,  with  a high  degree  of  unsaturation,  have  on  ruminal 
fermentation,  fiber  digestibility,  and  milk  fat  and  protein  concentrations 
(Palmquist  and  Jenkins,  1980).  An  extensive  review  of  the  scientific  literature 
regarding  the  impact  of  supplemental  dietary  fats  on  ruminal  fermentation, 
nutrient  digestibilities,  feed  intake,  and  milk  production  and  composition  has 
been  summarized  in  detail  by  Shaver  (1990).  The  reader  also  is  referred  to  the 
work  of  Palmquist  and  Jenkins  (1980),  Shaver  (1990),  Coppock  and  Wilks 
(1991),  Palmquist  (1991),  Palmquist  and  Eastridge  (1991),  Staples  et  al.  (1991), 
and  Smith  and  Harris  (1992)  for  paper-by-paper  synopsis.  In  my  literature 
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review,  particular  attention  will  be  given  to  studies  in  which  CaLCFA  were  fed  to 
lactating  dairy  cows  as  this  fat  source  was  used  in  one  experiment  of  the 
dissertation. 

Calcium  salts  of  long-chain  fatty  acids  (CaLCFA),  commercially  known  as 
Megalac*,  is  comprised  of  fatty  acids  derived  from  palm  oil  that  have  been 
complexed  with  Ca  and  are  relatively  insoluble  in  the  rumen.  Composition  is 
approximately  47.7  to  60.5  % palmitic  acid,  4 to  6.1%  stearic  acid,  29.4  to 
37.2%  oleic  acid,  and  3.3  to  8.4%  linoleic  acid  (Grummer,  1988;  Palmquist, 

1991;  Schneider  et  al.,  1988;  Shaver,  1990;  Staples  et  al.,  1991).  Megalac*  is 
fed  at  the  recommended  rate  of  .5  to  .7  kg/head  per  d or  2.2  to  3.3%  of  diet 
DM. 

The  effect  of  feeding  CaLCFA  on  DMI,  milk  production,  milk  composition, 
as  well  as  on  digestibility  of  several  dietary  components  are  summarized  in 
Tables  2-1  (short  experiments)  and  2-2  (long  term  experiments).  Intake  of  fat 
as  CaLCFA  ranged  from  .45  to  1.76  kg/animal  per  d for  short-term  experiments 
(Table  2-1)  and  from  .22  to  .66  kg/animal  per  d in  continuous  trials  (Table  2-2). 

In  short-term  experiments  (Table  2-1),  the  effect  of  feeding  CaLCFA  on 
DMI  is  not  clear.  Supplementing  CaLCFA  at  concentrations  not  greater  than  .5 
kg/d  seems  not  to  have  any  negative  effect  on  intake,  although  interaction  with 
other  dietary  factor(s)  might  occur  (Canale  et  al.,  1990b).  Schauff  and  Clark 
(1992)  found  that  DMI  decreased  linearly  (P  < .01)  when  increasing  amounts  of 
CaLCFA  were  added  to  the  diet  (Table  2-1),  with  the  greatest  amount  (1.76 


Table  2-1.  Effect  of  supplementation  of  calcium  salts  of  long-chain  fatty  acids  (CaLCFA)  on  performance  of  lactating 
dairy  cows  assigned  to  experiments  of  switchback  designs. 

DM  Milk  FCM  Milk  Milk  Apparent  digestibility,  % 

CaLCFA  intake  yield  yield  protein  fat 

kg/d  kg/d  kg/d  kg/d  % % DM  NDF  Fat  CP Reference 
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Table  2-2.  Effect  of  supplementation  of  calcium  salts  of  long-chain  fatty  acids  (CaLCFA)  on  performance  of  lactating 
dairy  cows  assigned  to  experiments  of  continuous  designs. 

DM  Milk  FCM  Milk  Milk  Apparent  digestibility,  % 

CaLCFA  intake  yield  yield  protein  fat 

kg/d  kg/d  kg/d  kg/d  % % DM  NDF  Fat  CP Reference 
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kg/d)  depressing  DMI  by  5.5  kg/d.  In  continuous  experiments,  the  negative 
effect  of  CaLCFA  on  DMI  was  significant  (P  < .05)  only  in  one  report  (Andrew 
et  al.,  1991),  even  though  there  was  a .5  kg/d  average  reduction  in  the  amount 
of  feed  consumed  (Table  2-2). 

Significant  improvement  in  milk  and  FCM  yield  have  been  detected  in 
some  (Schneider  et  al.,  1988;  Canale  et  al.,  1990b;  Klusmeyer  et  al.,  1991b), 
but  not  all  experiments  (Grummer,  1988;  Schauff  and  Clark,  1989;  Schneider  et 
al.,  1990;  Klusmeyer  et  al.,  1991a;  Schauff  et  al.,  1992b).  Milk  production  was 
decreased  quadratically  (P  < .01)  with  increasing  additions  of  CaLCFA  to  the 
diet,  whereas  4%  FCM  production  was  altered  in  the  a cubic  manner,  being 
greatest  for  cows  fed  .73  or  1.42  kg/d  of  CaLCFA,  intermediate  for  the  control, 
and  least  for  cows  fed  the  1.76  kg/d  CaLCFA  diet  (Schauff  and  Clark,  1992).  In 
long-term  trials,  the  increase  in  milk  or  FCM  yields  seemed  to  be  more 
consistent  (nine  out  of  twelve  experiments;  Table  2-2),  probably  due  to  the 
reported  delayed  effect  of  supplemental  fat  on  milk  production  (Hermansen, 
1990;  Jerred  et  al.,  1990). 

Milk  protein  concentration  was  reduced  in  about  one  half  of  the 
experiments  whereas  milk  fat  concentration  was  increased  in  about  one  third  of 
the  experiments  feeding  CaLCFA.  Reduction  in  milk  protein  concentration  is 
reported  regularly  when  supplemental  fat  of  various  sources  are  fed. 
Mechanism(s)  responsible  for  this  effect  have  yet  to  be  elucidated.  Feeding 
supplemental  fat  often  may  increase  milk  fat  concentration  by  supplying 
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additional  fatty  acid  precursors  to  the  mammary  gland.  However  the  feeding  of 
highly  unsaturated  fats  often  lead  to  a depression  in  milk  fat  concentration  due 
to  their  negative  influence  on  ruminal  fermentation. 

The  effect  of  feeding  CaLCFA  on  apparent  digestibility  of  nutrients  has 
been  studied  extensively,  mainly  in  short-term  experiments  (Table  2-1).  No 
effect  of  feeding  CaLCFA  on  apparent  digestibility  has  been  reported  from  long- 
term experiments  (Table  2-2).  Usually  no  deleterious  effect  on  DM  digestibilities 
have  been  reported  when  fed  at  concentrations  not  greater  than  1 kg/d. 

Schauff  et  al.  (1992b)  found  that  feeding  CaLCFA  at  1.2  kg/d  reduced  (P  < .05) 
the  apparent  DM  digestibility  of  the  diet  when  compared  with  control  (63. 1 vs. 
65.4%). 

Digestibility  of  NDF  and  hemicellulose  (Erickson  et  al.,  1992;  Schauff  et 
al.,  1992b)  have  been  improved  occasionally  by  feeding  CaLCFA.  Schauff  and 
Clark  (1992)  reported  that  total  tract  digestibility  of  cellulose  was  increased  (P  < 
.001)  cubically  when  CaLCFA  were  fed.  Cellulose  digestibility  was  greatest 
when  diets  contained  6%  CaLCFA  (8.6  percentage  units  increase  over  controls). 
Although  not  shown  in  Table  2-1,  digestibility  of  ether  extract  was  improved  in 
five  studies  (8.5  percentage  units  average  increase;  range  of  2.4  to  12.2 
percentage  units)  when  CaLCFA  were  fed. 

Feeding  CaLCFA  at  concentrations  between  .5  to  .7  kg/d  or  2.2  to  3.3% 
of  diet  DM  had  no  influence  either  on  ruminal  VFA  concentrations  or 
composition  nor  ruminal  pH  of  lactating  dairy  cows  as  summarized  by  Shaver, 
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1990.  However,  new  evidence  shows  some  effect  on  VFA  makeup.  Kim  et  al. 
(1993)  compared  three  diets  containing  SBM,  supplemental  fat  from  extruded 
soybeans,  or  supplemental  fat  from  CaLCFA.  Although  molar  concentrations  of 
acetate,  propionate  and  acetate  to  propionate  ratio  were  similar  (P  > .05) 
between  diets,  concentrations  of  total  VFA  were  lower  (P  < .05)  for  cows  fed 
supplemental  fat  (58.3  vs.  79.8  mM),  probably  due  to  lower  DMI  by  cows  fed 
fat. 

Schauff  and  Clark  (1992)  found  that  molar  percentages  of  acetate  in 
ruminal  fluid  was  increased  linearly  as  the  amount  of  CaLCFA  increased  in  the 
diet,  with  a proportional  decrease  (not  significant)  in  propionate,  resulting  in  a 
linear  increase  (P  < .05)  in  the  acetate: propionate  ratio.  This  outcome  was 
affected  greatly  only  when  the  diet  contained  9%  CaLCFA. 

In  another  experiment,  Schauff  et  al.  (1992b)  reported  that  the  molar 
percentage  of  acetate  tended  to  increase  (P  < . 1 ) and  the  molar  percentage  of 
propionate  to  decrease  (P  < . 1 ) when  CaLCFA  were  added  to  the  diet; 
therefore,  the  acetate  to  propionate  ratios  tended  to  increase  (P  < . 1 ) upon 
addition  of  CaLCFA  to  the  diet  (.65  kg/d).  This  trend  coincided  with  decreases 
in  DMI  and  amount  of  ground  shelled  corn  in  the  diet.  In  further  agreement,  the 
acetate  to  propionate  ratio  was  increased  (P  < .05)  from  2.38  to  2.99  when 
CaLCFA  were  fed  at  2.4%  of  diet  DM  (Sklan  et  al.,  1992). 

Schauff  and  Clark  (1 992)  determined  the  effects  of  feeding  increasing 
amounts  of  CaLCFA  (0,  3,  6,  and  9%  of  diet  DM)  to  dairy  cows.  Digestibility  of 
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ether  extract  increased  quadratically  (P  < .05)  by  addition  of  CaLCFA  to  the 
diet,  being  lowest  for  cows  fed  the  diet  containing  9%  CaLCFA  and  greatest  for 
those  fed  diets  containing  3%  CaLCFA,  Absorbed  N increased  quadratically  (P 
< .05),  being  greatest  when  diets  contained  3 and  6%  CaLCFA  were  fed, 
lowest  with  the  9%  CaLCFA,  and  intermediate  when  the  control  diet  was  fed  to 
the  cows.  Absorbed  N as  a percentage  of  N intake  was  increased  linearly  (P  < 
.05).  Authors  concluded  that  CaLCFA  may  be  fed  to  supply  up  to  6%  of  dietary 
DM  without  having  any  deleterious  effects  on  ruminal  fermentation  and 
digestibilities  of  nutrients,  although  palatability  could  become  a problem. 

Amount  of  fat  fed  and  degree  of  ruminal  biohydrogenation  may  be  factors  that 
affect  digestibility  of  fatty  acids  in  the  digestive  tract. 

In  summary,  feeding  CaLCFA  resulted  in  an  average  reduction  of  .6  kg/d 
in  DMI,  an  average  increase  of  .8  and  1.3  kg/d  of  milk  and  FCM  yield,  an 
average  decrease  of  .06  and  an  average  elevation  of  .10  percentage  units  in 
milk  protein  and  fat.  No  changes  in  apparent  digestibility  coefficients  for  DM  or 
NDF  with  the  exception  of  Schauff  et  al.  (1992b),  where  CaLCFA  was  added  to 
diets  containing  16%  whole  cottonseeds.  Apparent  digestibility  of  fat  was  on 
average,  increased  8.5  percentage  units  when  considering  CaLCFA 
supplemented  at  normal  amounts  (less  than  1 kg/d).  Similar  findings  can  be 
concluded  from  long-term  experiments  where  CaLCFA  was  added  to  the  diet. 
There  was  an  average  reduction  of  .5  kg/d  in  DMI,  an  average  increase  of  1.5 
kg/d  of  milk  and  of  1.4  kg/d  of  FCM,  as  well  as  there  was  an  average  decrease 
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of . 1 1 percentage  units  of  milk  protein  and  an  average  increase  of  .05 
percentage  units  in  milk  fat.  Although  similar,  results  from  continuous  trials 
seem  to  show  more  consistently  the  impact  of  feeding  supplemental  fat  as 
CaLCFA  to  lactating  cows. 

In  conclusion,  the  addition  of  fats  to  diets  for  lactating  cows  has  resulted 
in  a variety  of  effects  on  milk  production  and  composition.  Depending  on  the 
amount  fed  and  saturation  of  the  fatty  acids,  fat  supplementation  can  lead  to  a 
reduction  in  fiber  digestion  and  feed  intake,  potentially  resulting  in  similar 
amounts  of  energy  consumed,  thus  reducing  the  benefits  of  increasing  the 
energy  density  of  the  diet.  Furthermore,  the  impact  of  fat  supplementation  on 
milk  protein  is  somewhat  confusing.  When  milk  protein  percentage  is  reduced, 
frequently  there  is  no  loss  and  even  an  increase  in  milk  protein  yield,  a 
mechanism  not  yet  elucidated,  although  thought  to  be  an  effect  of  protein 
dilution  by  increased  milk  yield. 

Fat  Supplementation  and  Reproductive  Performance 

The  influence  of  dietary  fat  on  reproduction  of  dairy  cows  has  been 
reviewed  recently  (Grummer  and  Carroll,  1991;  Staples  et  al.,  1991).  The 
specific  mechanisms  by  which  dietary  fat  influences  reproductive  performance 
has  not  been  elucidated  clearly. 

In  an  early  work,  Kronfeld  et  al.  (1980)  reported  that  cows  being  fed  a 
protected  tallow  in  amounts  to  provided  25%  of  metabolizable  energy  as  fat,  did 
not  differ  in  the  number  of  services  per  conception  (2.2  vs.  2.8)  or  in  the  interval 
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of  calving  to  conception  (119  vs.  118  d)  for  control  and  tallow  diets, 
respectively.  However,  authors  failed  to  give  more  details  about  reproductive 
management  of  the  experimental  cows,  or  level  of  significance  of  treatment 
means. 

Schneider  et  al.  (1988)  reported  on  a field  trial  conducted  in  Israel  with 
108  lactating  cows.  Cows  were  fed  0 or  .5  kg/d  (2.4%  of  diet  DM)  of  CaLCFA, 
beginning  between  d 0 to  30,  and  continuing  until  120  d PP.  Cows  fed  CaLCFA 
produced  more  milk  (36.2  vs.  34.5  kg/d),  more  3.5%  FCM  (33.5  vs.  30.6  kg/d), 
and  milk  with  a greater  percent  fat  (3.0  vs.  2.8%)  over  the  whole  period 
compared  with  control  cows.  Mean  DMI  was  21.0  and  20.1  kg/d  for  the  control 
and  the  CaLCFA-fed  group,  respectively.  Sixty  percent  of  cows  fed  CaLCFA 
conceived  at  first  service  compared  with  only  43. 1 % of  controls.  At  the  end  of 
the  experiment,  86.8%  of  fat-supplemented  cows  were  pregnant  compared  with 
73.3%  of  control  cows.  Furthermore,  the  final  conception  to  service  ratio  was 
55%  for  CaLCFA-fed  cows  and  43%  for  controls.  As  before,  authors  did  not 
indicate  whether  any  means  were  statistically  different.  Body  weight  gain  of 
cows  over  120  d were  11.3  ± 18.3  and  30.6  ± 17.5  kg  for  control  and  CaLCFA- 
fed  cows.  Greater  BW  gain  by  cows  fed  CaLCFA  may  indicate  a more  positive 
energy  state  which  led  to  improved  conception. 

The  effect  of  added  dietary  fat  during  wk  4 through  16  PP  on  total 
lactational  production  and  reproductive  efficiency  was  evaluated  using  cows  fed 
diets  without  (n  = 94)  or  with  (n  = 96)  extruded  soybeans  or  rolled  sunflower 
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seeds  (Schingoethe  and  Casper,  1991).  Ether  extract  content  of  diets  were 
raised  from  between  2.5  to  3.0%  of  DM  to  more  than  5%  of  DM.  Milk  yield  was 
increased  slightly  (33.0  vs.  33.9  kg/d;  P < .10)  when  fat  was  fed.  Evaluation  of 
reproductive  performance  of  cows  bred  during  the  experiment  (75/94  and 
78/96)  included  days  to  first  breeding,  days  open,  and  services  per  conception. 
Cows  were  inseminated  only  if  determined  in  estrus  after  60  d PP,  as 
determined  by  visual  and  by  rump-mounted  dye  markers.  One  of  three  people 
of  similar  technical  experience  performed  Al  to  all  cows  serviced. 

Supplementing  whole  oil  seeds  during  early  lactation  was  not  detrimental  or 
beneficial  to  reproductive  efficiency  as  measured  by  days  to  first  breeding  (72 
vs.  76),  days  open  (126  vs.  136),  and  services  per  conception  (2.15  vs.  2.38). 

In  a field  trial  reported  from  Israel,  108  cows  received  either  0 or  .5  kg/d 
of  CaLCFA  for  170  d starting  at  calving  (Sklan  et  al.,  1989).  Production  of  3.5% 
FCM  was  increased  from  30.7  to  32.1  kg/d  by  fat  supplementation.  Body 
condition  scores  were  reported  to  be  dramatically  lower  (3.3  vs.  2.8)  for  cows 
receiving  the  supplemental  fat  by  d 21  PP.  Although  conception  rates  at  first 
service  (27.9  vs.  43.9%)  and  at  all  three  services  (58.0%  vs.  75.9%)  appeared 
greater  for  cows  receiving  CaLCFA,  means  were  nonsignificant.  Much  of  this 
difference  was  due  to  first  service.  Days  open  for  cows  conceiving  by  the 
second  service  also  were  nonsignificantly  lower  (86.3  vs.  74.3  d)  for  fat- 
supplemented  cows.  Description  of  reproductive  protocol  used  during  this 
experiment  was  not  included  in  the  article. 
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Carroll  et  al.  (1990)  determined  the  effects  of  feeding  isonitrogenous  diets 
composed  of  varying  ratios  of  alfalfa  silage  to  concentrate  and  either  0 or  5%  of 
DM  as  supplemental  fat  (prilled)  on  energy  status  and  reproductive  performance 
of  46  dairy  cows  from  5 to  100  d PP.  No  improvement  in  days  to  first  ovulation 
was  demonstrated  in  this  trial  when  supplemental  fat  was  used  as  an  energy 
source.  There  were  no  treatment  differences  due  to  added  fat  for  the  interval  to 
uterine  involution  (50  ± 2 d),  first  observed  estrus  (51  ± 3 d),  first  service  (69  ± 

2 d),  conception  rate  at  first  service  (50%),  services  per  conception  (1.36  ±.11), 
or  days  open  (75.5  ± 2.5  d).  Authors  concluded  that  reproductive  performance 
was  not  improved  when  energy  densities  of  diets  were  increased  by  feeding 
prilled  fat.  However,  there  were  at  least  three  important  points  which  may  have 
influenced  results.  First,  DMI  was  reduced  by  including  fat  in  the  diet  (Jerred  et 
al.,  1990),  resulting  in  no  difference  in  energy  intake.  Second,  all  diets  tested 
were  formulated  between  25.2  and  27.1%  CP  (DM  basis).  Detoxifying  additional 
ammonia  from  such  diets  may  have  influenced  dietary  fat  effects.  The  main 
sources  of  protein  in  the  diet  were  soybean  meal  and  alfalfa  resulting  in  excess 
DIP.  Finally,  two  inseminators  and  16  bulls  were  used  for  breeding,  potentially 
increasing  experimental  variability. 

The  effects  of  supplemental  prilled  fatty  acids  (0  or  2%  of  DM)  on 
reproduction  were  assessed  by  Ferguson  et  al.  (1990)  on  three  commercial 
dairy  herds  in  Pennsylvania  and  one  in  Israel.  Herds  assigned  to  treatments  in 
Pennsylvania  used  214  Holstein  cow  observations  for  reproductive 
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measurements.  Cows  were  blocked  according  to  age,  calving  date,  and  milk 
yield  of  previous  lactation  before  assigning  to  dietary  treatments  for  24  mo.  In 
Israel,  39  cows  contributed  reproductive  information.  Cows  received  .5  kg/d  of 
a hard  fat  supplement  ( > 97%  saturated  fatty  acids)  for  1 2 mo.  Combined  data 
(n  = 253  cows)  indicated  that  cows  receiving  fat  supplementation  had  a greater 
rate  of  conception  for  first  service  (59  vs.  43%)  and  for  all  services  (59  vs.  41%) 
compared  with  control  cows.  Treatment  differences  were  due  to  Pennsylvania 
herds.  As  a result,  more  cows  inseminated  during  the  experimental  period 
tended  to  become  pregnant  (P  < .08)  when  fed  fat  compared  with  those  fed 
the  control  diet  (93.0  vs.  86.2%).  No  differences  were  noted  either  in  days  to 
first  service  (80.4  vs.  80.9  d)  or  days  open  (91 .9  vs.  96.2  d)  between  treatment 
and  control  groups.  Body  weight  changes  of  Israeli  cows  were  reported  to  be 
similar  during  the  first  30  to  60  d period,  but  cows  consuming  fats  began  to 
gain  weight  sooner  and  more  rapidly  than  control  cows  (no  statistical  support). 
Yield  of  3.5%  FCM  was  not  changed  when  supplemental  fat  was  fed  to  cows  in 
Pennsylvania  but  was  increased  from  36.0  to  38.4  kg/d  by  cows  fed  fat  in 
Israel.  Therefore  effect  of  fat-supplementation  on  reproductive  performance 
may  depend  upon  its  influence  on  milk  production.  Dietary  fat  may  benefit 
reproduction  by  minimizing  BW  loss  and  hastening  BW  gain  in  the  postpartum 
period. 

Recently,  Sklan  and  Tinsky  (1993)  compared  the  effect  of  supplementing 
a combination  of  CaLCFA  and  DIP  (CGM  coated  with  CaLCFA;  Doublepro; 
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Koffolk  Ltd.,  Petach  Tikua,  Israel)  containing  61%  CP  to  a control  diet.  The 
product  was  added  at  4%  of  diet  DM.  Fifty-three  cows  were  used  per  treatment 
from  calving  to  120  d PP.  Diets  provided  similar  concentrations  of  CP  (17.5%  of 
diet  DM),  but  different  amounts  of  UIP  (6.8  vs.  6.0%  of  diet  DM)  and  DIP  (10.7 
vs.  1 1 .5%  of  diet  DM).  Cows  were  inseminated  after  60  d PP.  Reproductive 
performance  was  found  to  be  enhanced  by  treatment.  Conception  rate  at  first 
service  (70.9  vs.  58.5%)  tended  to  improve  (P  < .09)  and  percentage  of  cows 
pregnant  at  90  d (68.5  vs.  52.8%)  tended  to  increase  (P  < .09)  when  cows 
were  fed  Doublepro.  Treatment  cows  tended  (P  < .09)  to  have  fewer  number 
of  inseminations  per  conception  (1 .43  vs.  1 .68)  and  had  less  (P  < .05)  days 
open  (84  vs.  96  d)  when  compared  with  control  cows.  No  differences  were 
detected  in  days  to  first  service  (73  vs.  75),  conception  rate  at  second  service 
(8.6  vs.  16.0%),  or  percentage  of  cows  pregnant  at  150  d PP  (92.7  vs.  90.6%) 
between  treatments.  Milk  yield  was  1 kg/d  greater  (P  < .05)  for  cows  fed 
Doublepro. 

Ryan  et  al.  (1992)  studied  the  effect  of  supplemental  fat  on  ovarian 
follicular  development  and  embryo  quality  and  quantity  in  postpubertal  beef 
heifers,  trying  to  determine  what  mechanism  (s)  contribute  to  improvement  in 
reproductive  performance  of  fat-fed  cows.  Diets  contained  0 or  5.3%  added  fat 
as  soybean  oil.  After  superovulation,  embryos  were  collected  on  d 7 after  Al, 
and  classified  according  to  their  viability  as  freezable  (scores  1 and  2), 
transferable  (scores  1 to  3),  degenerated  (score  4),  and  unfertilized  ova  (UFO). 
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Increasing  dietary  fat  increased  (P  < .05)  both  serum  (250  vs.  150  mg/dl)  and 
follicular  fluid  (100  vs.  50  mg/dl)  concentrations  of  total  cholesterol.  More 
progesterone  (P  = .06)  was  produced  in  vitro  by  granulosa  cells  from  FSH- 
induced,  estrogen-active  follicles  in  heifers  fed  soybean  oil.  Fat 
supplementation  increased  the  number  of  medium  size  (5  to  9.9  mm  in 
diameter)  follicles,  but  not  the  number  of  follicles  responding  to  or  ova 
recovered  following  gonadotropin  treatment  during  induced  superovulation. 
There  was  no  evidence  of  an  effect  of  dietary  treatment  on  the  number  of  ova 
collected,  transferable,  freezable,  or  degenerated  embryos,  or  unfertilized  ova. 
Authors  claimed  that  the  lack  of  response  to  gonadotropin  treatment  could  be  a 
result  of  the  presence  of  a dominant  follicle  at  d 6 of  the  estrous  cycle, 
overriding  any  potential  benefit  of  fat  supplementation  during  gonadotropin 
stimulation.  Authors  concluded  that  although  fat  supplementation  to  sexually 
mature  beef  heifers  resulted  in  greater  follicular  development,  this  should  not  be 
taken  as  an  indication  of  greater  embryo  recovery  or  better  quality. 

Hightshoe  et  al.  (1991)  carried  out  an  experiment  to  determine  the  effects 
of  feeding  CaLCFA  on  PP  reproductive  function  in  beef  cows.  Multiparous 
Simmental  cows  (n  = 12)  were  assigned  to  receive  a supplement  containing 
either  0 or  34%  as  CaLCFA  from  parturition  until  the  second  postpartum 
ovulation.  Supplements  were  offered  in  amounts  to  provide  each  cow  an  equal 
daily  quantity  of  protein  and  energy.  Intake  of  CaLCFA  was  1 kg/d.  Suckling 
calves  were  removed  from  cows  at  d 25  ± 2 PP  in  order  to  induce  estrus. 
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Plasma  total  cholesterol  concentrations  were  increased  (P  < .01)  more  than 
1 00%  by  feeding  CaLCFA  (greater  absorption  of  fat  requiring  more 
chylomicrons),  and  remained  elevated  throughout  the  experimental  period. 
Plasma  triglyceride  concentrations  were  not  affected  (P  > . 1 0)  by  feeding  fat 
(13.7  vs.  12.7  mg/dl)  when  compared  to  controls.  Serum  LH  concentrations 
measured  around  d 25  PP  (expected  first  estrus)  were  greater  (P  = .06)  in 
cows  fed  CaLCFA  (1.47  vs.  1.12  ng/ml)  compared  with  the  control  cows. 

Serum  estradiol-17^  concentrations  in  cows  receiving  CaLCFA  were  lower  (P  < 
.02)  compared  with  control  cows  (1.41  vs.  1.64  pg/ml).  In  terms  of  ovarian 
follicles,  an  enhanced  movement  of  follicles  from  class  2 (6  to  9 mm)  into 
classes  3 (10  to  15  mm)  and  4 (>  15  mm)  was  detected  (P  < .05)  in  those 
cows  receiving  CaLCFA.  Furthermore,  cows  fed  CaLCFA  had  greater  (P  < .02) 
plasma  progesterone  concentrations  between  d 6 and  8 after  ovulation 
compared  with  control  cows.  Hightshoe  et  al.  (1991)  concluded  that  the 
relationship  between  a hypercholesterolemic  condition  induced  by  feeding 
supplemental  fat  and  physiological  responses  of  PP  cows,  seemed  to  be 
associated  with  changes  in  production  and/or  clearance  rate  of  steroid 
hormones  in  combination  with  improved  follicular  development. 

Holter  et  al.  (1992)  fed  a control  (C)  diet  (n  = 18)  or  a diet  containing 
whole  cottonseeds  (WCS)  at  15%  of  projected  DMI,  with  (n  = 19)  or  without  (n 
= 19)  CaLCFA  (.54  kg/d)  to  dairy  cows  from  d 1 to  112  PP.  Although  no 
statistical  comparisons  were  reported,  authors  concluded  that  fat 
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supplementation  influenced  more  cows  to  conceive  on  first  service  (35.3,  50.0, 
and  44.5%  for  C,  WCS,  and  CaLCFA  treatments,  respectively).  However,  the 
percentage  of  cows  that  conceived  at  second  service  (35.3,  11.1,  and  0 for  C, 
WCS,  and  CaLCFA,  respectively)  appeared  to  favor  control  cows.  Percentage 
of  cows  pregnant  at  the  end  of  the  experiment  were  similar  among  the  different 
groups  (88.2,  83.3,  and  83.4  for  C,  WCS,  and  CaLCFA  treatments, 
respectively).  Cows  fed  CaLCFA  presented  the  greatest  values  for  mean 
number  of  services  (4.3  vs.  3.0  vs.  2.3),  overall  services  per  conception  (2.47 
vs.  1.87  vs.  1.87)  and  days  open  (123  vs.  107  vs.  96)  when  compared  with  C 
and  WCS  groups. 

Not  all  reports  in  the  literature  relate  an  enhanced  or  neutral  response  in 
reproductive  performance  by  feeding  supplemental  fats  to  lactating  dairy  cows. 
Lucy  et  al.  (1992)  evaluated  the  effect  of  supplemental  fat  as  CaLCFA  alone  (0 
or  3%  of  diet  DM)  or  in  combination  with  and  without  niacin  (0  or  12  g/d)  on 
reproductive  efficiency  of  40  high  producing  dairy  cows.  Records  containing 
dates  of  observed  estrus,  of  Al  (initiated  60  d PP),  and  of  pregnancy  were  used 
along  with  plasma  progesterone  data  to  establish  the  interval  to  first  ovulation, 
interval  to  first  estrus,  interval  from  calving  to  first  insemination,  first  insemination 
conception  rate,  pregnancy  rate,  number  of  inseminations  per  cow,  number  of 
inseminations  per  conception,  and  number  of  days  open  as  measures  of 
reproductive  performance.  Mean  energy  status  was  similar  for  cows  receiving 
the  different  dietary  treatments.  Cows  given  CaLCFA  from  1 5 to  98  d PP  had 
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similar  intervals  to  first  ovulation  and  to  first  observed  estrus  compared  with 
cows  not  fed  CaLCFA.  However,  cows  fed  the  fat  supplement  tended  to  have  a 
longer  interval  to  first  insemination  (72  vs.  62  d),  a lower  first  conception  rate 
(13  vs.  49%),  and  a lower  pregnancy  rate  (10  vs.  45%)  compared  with  controls. 
Uncorrected  milk  (38.7  vs.  36.3  kg/d)  and  FCM  (34.8  vs.  32.5  kg/d)  production 
were  improved  by  supplementation  with  CaLCFA  while  DM  intakes  were 
unchanged  (Erickson  et  al.,  1992).  This  resulted  in  similar  mean  energy  states 
for  cows  fed  the  experimental  diets  (-2.25  vs.  -1 .75  Mcal/d)  as  diets  containing 
CaLCFA  had  a greater  energy  density  (Lucy  et  al.,  1992).  This  suggests  that 
other  factors  beside  lowered  energy  status  led  to  lowered  reproductive 
performance. 

One  of  the  proposed  mechanisms  of  how  supplemental  fat  can  improve 
reproductive  performance  is  through  enhancement  of  luteal  steroidogenesis 
(Grummer  and  Carroll,  1991).  High  circulating  concentrations  of  progesterone 
have  been  associated  with  improved  fertility  (Folman  et  al.,  1973).  The 
precursor  of  progesterone  synthesis  in  the  luteal  cell  is  cholesterol.  This 
cholesterol  can  come  from  de  novo  synthesis  or  uptake  of  lipoproteins  from 
plasma.  Including  fat  sources  in  diets  fed  to  ruminants  generally  results  in 
elevated  plasma  cholesterol  concentrations,  where  low-density  (LDL)  and  high- 
density  (HDL)  lipoproteins  contribute  to  the  increase  in  plasma  cholesterol 
(Storry  et  al.,  1980;  Grummer  and  Carroll,  1991;  Hightshoe  et  al.,  1991;  Carroll 
et  al.,  1992;  Ryan  et  al.,  1992).  On  this  broad  subject,  Carroll  et  al.  (1992) 
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examined  whether  changes  in  plasma  lipoprotein  fractions  (LDL  or  HDL),  as 
affected  by  feeding  fat  to  lactating  cows,  modified  progesterone  production  by 
luteal  cells.  Cows  were  fed  0 or  7%  (1 .4  kg/d)  saturated  long-chain  fatty  acids 
(Milk  Specialties  Co.,  Dundee,  IL).  Plasma  lipoproteins  were  isolated  and 
classified  according  to  their  composition.  Total  plasma  cholesterol 
concentrations  of  cows  receiving  diets  with  supplemental  fat  were  greater  (P  < 
.0001)  compared  with  control  cows  (3.14  vs.  2.51  mg/ml).  Total  HDL 
cholesterol  concentrations  were  increased  (P  = .001)  by  fat  supplementation 
(79.8  vs.  65.8  mg/dl),  but  not  total  LDL  cholesterol  (5.5  vs.  5.1  mg/dl). 
Composition  of  plasma  lipoproteins  was  not  altered  by  fat-supplemented  diets. 
Increasing  the  concentration  of  plasma  lipoproteins  (LDL  or  HDL)  increased  (P 
< .0001)  in  vitro  progesterone  production  by  luteal  cells,  independent  of  diet, 
dosage,  or  lipoprotein  type.  It  appears  that  increases  in  plasma  progesterone 
due  to  feeding  fat  is  not  due  to  increased  cholesterol  concentrations. 

In  summary,  beneficial  effects  proposed  from  feeding  supplemental  fats 
have  focused  on  improvement  of  energy  status  of  dairy  cows  during  the  first 
few  weeks  PP.  Interactions  among  DMI,  milk  yield,  and  BW  changes  are  critical 
components  of  energy  status.  In  addition,  changes  in  blood  metabolites  as  a 
direct  effect  of  fat  supplementation  or  through  the  effect  of  fat  on  digestion  and 
fermentation  processes  can  influence  ovarian  function.  These  relationships 
need  to  be  investigated.  It  is  clear,  therefore,  that  considerably  more 
information  is  necessary  to  draw  absolute  conclusions  regarding  the  effects 
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(detrimental  or  beneficial)  of  fat  supplementation  on  reproductive  performance. 
Future  experiments  must  be  designed  carefully  to  answer  specific,  narrow 
questions,  thus  avoiding  many  confounding  factors  that  could  result  in  wrong 


conclusions. 


CHAPTER  3 

INTAKE  OF  HIGH  AMOUNTS  OF  RUMINALLY  DEGRADABLE  PROTEIN  ON 
DEVELOPMENT  OF  OVARIAN  FOLLICLES  AND  EMBRYO  QUALITY 
OF  SUPEROVULATED  NONLACTATING  DAIRY  COWS 

Introduction 

Nutrient  intake  and  body  condition  are  known  to  influence  reproductive 
performance  in  a wide  range  of  mammals.  Several  reproductive  problems  in 
dairy  cattle  can  result  from  physiological  changes  caused  primarily  by  nutritional 
imbalances  and  feeding  systems.  Feeding  the  appropriate  amount  and  ratio  of 
nutrients  is  required  to  permit  maximum  reproductive  performance  and  milk 
secretion  by  the  high  producing  dairy  cow. 

Energy  and  protein  are  two  nutritional  factors  most  likely  to  influence  milk 
production  and  reproductive  efficiency.  Output  of  energy  in  the  form  of  milk  is 
correlated  highly  with  energy  intake  via  feed.  During  the  early  postpartum 
period,  intake  of  energy  often  is  less  than  output  resulting  in  cows  being  in  a 
negative  energy  state.  Low  intakes  of  energy  during  this  time  has  been  known 
to  negatively  influence  reproductive  function  (Butler  and  Smith,  1989;  Wiltbank 
et  al.,  1964). 

In  contrast  to  energy,  intake  of  protein  by  dairy  cows  can  be  in  excess  of 
need  during  the  early  postpartum  period.  There  is  a growing  amount  of  data, 
although  controversial,  tying  intake  of  high  amounts  of  crude  protein  (CP)  to 
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poor  reproductive  performance  (Jordan  and  Swanson,  1979a;  Kaim  et  al.,  1983; 
Ferguson  et  al.,  1986a,b;  Carroll  et  al.,  1988;  Blanchard  et  al.,  1990).  This 
relationship  may  become  clearer  with  recent  further  characterization  of  CP  into 
various  degradable  fractions  (NRC,  1985;  NRC,  1989).  In  cases  where  the  CP 
is  highly  degradable  in  the  rumen,  ammonia  release  in  the  rumen  is  high,  and 
concentrations  in  other  body  tissues  and  fluids  also  can  become  high  (Jordan 
et  al.,  1983;  Duby  et  al.,1984;  Johnson  et  al.,  1986;  Carroll  et  al.,  1988).  Very 
high  ammonia  concentrations  are  believed  to  negatively  influence  events  in  the 
reproductive  tract  (Jordan  and  Swanson,  1979a;  Jordan  et  al.,  1983;  Blanchard 
et  al.,  1990).  Several  mechanisms  describing  the  effect  of  dietary  protein 
concentration  on  dairy  cow  fertility  have  been  postulated.  These  mechanisms 
can  be  arranged  into  four  global  categories:  1)  direct  changes  in  metabolic 
concentrations  of  ammonia  in  the  reproductive  tract  environment,  2)  alterations 
of  hormones  directed  by  the  hypothalamus-pituitary-ovarian  axis  which  are 
involved  in  controlling  the  reproductive  events,  3)  increased  energy  costs  of 
detoxification,  and  4)  derangements  in  glucose  metabolism.  All  of  these 
mechanisms  may  be  influenced  largely  by  imbalances  in  protein  and  energy 
metabolism  in  the  rumen.  Based  on  two  recent  studies  (Blauwiekel  et  al.,  1986; 
Sonderman  and  Larson,  1989),  the  hypothalamus  appears  not  to  be  the  key 
player  in  mediating  this  negative  influence.  Although  this  evidence  is  not 
conclusive,  the  reproductive  tract  seems  to  be  a more  fertile  area  of  study. 
Certainly,  the  presence  of  toxic  byproducts  of  nitrogen  metabolism  from  the 
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rumen  or  liver  may  impair  sperm,  ova,  or  early  embryo  survival.  Traditionally, 
researchers  have  focused  on  evaluating  the  effect  of  feeding  high 
concentrations  of  dietary  protein  on  reproduction  based  on  some  gross 
measurements  of  reproductive  efficiency  such  as  number  of  days  open,  number 
days  to  first  ovulation,  pregnancy  rate,  conception  rate,  as  well  as  a more 
specific  and  sophisticated  evaluation  of  embryo  quality  from  superovulated 
animals.  However,  conception  is  comprised  of  a large  number  of  related,  step- 
like components.  Follicular  development,  ovulation,  fertilization,  and 
implantation  are  only  a few  of  the  possible  steps  at  which  reproductive 
efficiency  can  be  impaired. 

Ultrasonography  presents  a unique  option  to  study  individual  follicles 
compared  to  other  methods  previously  used  (e.g.  India  ink  marking  or 
ovariectomies).  Follicle  dynamics  have  been  the  subject  of  intensive  research  in 
the  last  decade  (Savio  et  al.,  1988;  Sirois  and  Fortune,  1988;  Knopf  et  al.,  1989; 
Thatcher  et  al.,  1992a,b).  All  reports  agree  that  there  are  two  or  three  follicular 
waves  in  the  bovine  estrous  cycle.  Each  follicular  wave  is  characterized  by  a 
period  of  follicular  recruitment,  followed  by  a period  of  selection,  and  ending 
with  a period  of  dominance  by  a single  follicle  and  atresia  of  its  cohort  of 
follicles  (Goodman  and  Hodgen,  1983).  Growth  of  the  dominant  follicle  during 
the  first  follicular  wave  is  a very  consistent  and  predictable  event  related  to 
follicular  dynamics  during  the  estrous  cycle  in  cattle  (Savio  et  al.,  1990; 

Thatcher  et  al.,  1992a,b).  This  new  tool  in  research,  has  been  used  very 
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successfully  to  study  the  follicular  development  process  in  cows  undergoing 
normal  estrous  cycles  (Savio  et  al.,1988;  Sirois  and  Fortune,  1988;  Knopf  et  al., 
1989),  induced  superovulation  (Savio  et  al.,  1991),  heat  stress  conditions 
(Badinga  et  al.,  1992;  Smith  et  al.,  1992),  dietary  changes  (Lucy  et  al.,  1991a,b), 
and  exogenous  bST  injections  (De  la  Sota  et  al.,  1993;  Lucy  et  al.,  1993). 
Evaluating  follicular  development  as  affected  by  diet  will  provide  new  insights 
into  the  puzzle  of  nutrition-reproduction  interactions.  The  superovulation 
process,  on  the  other  hand,  has  been  recognized  to  yield  very  inconsistent 
results  (Seidel,  1984).  However,  superovulation  is  possibly  the  only  option 
available  in  cattle  to  study  treatment  effects  on  several  ova/embryos  produced 
by  the  same  animal  at  the  same  time  (Blanchard  et  al.,  1990). 

In  this  broad  subject,  this  research  was  focused  primarily  on  the  potential 

impact  that  intake  of  high  amounts  of  CP  may  exert  within  the  reproductive  tract 

of  nonlactating  Holstein  cows,  specifically  on  1)  follicle  development  during  the 

first  follicular  wave  after  estrous  synchronization,  2)  follicle  development  during 

induction  of  superovulation,  and  3)  quality  and  quantity  of  embryos  yielded  from 

superovulation  procedures.  By  using  the  nonlactating  dairy  cow  as  our  animal 

model,  the  effect  of  high  protein  intake  on  reproduction  may  be  studied 

% 

separately  from  its  possible  interaction  with  other  factor(s)  normally  present 
during  lactation,  such  as  shifting  energy  states. 
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Materials  and  Methods 

Experimental  Animals  and  Dietary  Treatments 

Twelve  nonlactating  Holstein  cows  (averaging  30  mo  of  age,  605  kg  BW, 
1.4  lactations,  and  8160  kg  milk  produced  in  last  lactation)  were  assigned 
randomly  to  one  of  two  dietary  treatments  arranged  in  a crossover  design.  The 
experiment  consisted  of  two  periods  of  65  d each,  where  the  first  35  d were  for 
adjustment  to  dietary  treatments  and  the  remaining  30  d for  collection  of 
experimental  data.  A 90  d interval  between  periods  was  established  to  allow  for 
recovery  from  superovulation  procedures.  Cows  were  housed  in  a free-stall 
barn,  equipped  with  fans  to  reduce  the  effect  of  environmental  heat  stress  and 
with  Calan  gates  (American  Calan,  Inc.,  Northwood,  NH)  for  measuring 
individual  feed  intake.  Diets  consisted  of  70%  forage  (corn  silage  and 
bermudagrass  hay)  and  30%  concentrate  (DM  basis).  Bermudagrass  hay  was 
offered  separately  during  period  1 , whereas  it  was  and  chopped  and  mixed  with 
the  other  feedstuffs  in  period  2.  Diets  (Table  3.1)  were  formulated  (DM  basis) 
to  comprise  an  adequate  protein  (AP;  12.3%  CP)  and  a high  protein  (HP;  27.4% 
CP)  concentration.  Urea  and  soybean  meal  were  used  to  increase  CP  content 
of  HP  diet.  Cows  were  fed  two  times  a day  (0800  and  1300  h)  and  intake  was 
restricted  to  1 .75%  BW.  Any  feed  refused  was  weighed  back  daily  to  determine 
actual  amount  consumed.  Body  weight  was  recorded  once  weekly  before  the 
morning  feeding  throughout  each  experimental  period. 


Table  3-1.  Ingredient  and  chemical  composition  of  experimental  diets  fed 
to  nonlactating  Holstein  cows. 


Dietary  treatment 

Item 

Adequate 

protein 

High 

protein 

Ingredient,  % DM 
Corn  silage 

23.6 

26.1 

Bermudagrass  hay 

49.7 

40.9 

Ground  corn 

21.2 

6.8 

Soybean  meal 

4.8 

22.6 

Urea  (46%  N) 

0 

2.6 

Mineral  mix^ 

.7 

.7 

Trace  mineralized  salt^ 

.2 

.3 

Chemical  composition 

DM,  % 

61.3 

59.3 

NEl,  Mcal/kg 

1.4 

1.4 

CP,  % DM 

12.3 

27.4 

Undegradable  intake  protein,  % of  CP 

40.3 

29.3 

Acid  detergent  fiber,  % DM 

26.1 

24.3 

Ca,  % DM 

.4 

.4 

P,  % DM 

.3 

.3 

K,  % DM 

1.3 

1.6 

Mg,  % DM 

.2 

.2 

S,  % DM 

.2 

.2 

’ Minimum  concentrations  of  30%  Ca,  7%  P,  .25%  Mn,  .12%  Cu,  .3%  Zn, 
.0012%  Se,  660,000  lU/kg  Vitamin  A,  28,600  lU/kg  Vitamin  Dg,  1,100 
lU/kg  Vitamin  E. 

^ Minimum  concentrations  of  40%  Na,  55%  Cl,  .25%  Mn,  .2%  Fe,  .033% 
Cu,  .007%  I,  .005%  Zn,  and  .0025%  Co. 
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Estrous  Synchronization 

After  the  adaptation  to  diet  period,  an  estrous  cycle  was  synchronized  by 
using  an  ear  implant  (Syncromate-B;  6.0  mg  Norgestomet,  Ceva  Laboratories, 
Inc.,  Overland  Park,  KS)  for  9 d and  a 25  mg  PGFga  (PGF  tham  salt,  Lutalyse, 
Upjohn  Co.,  Kalamazoo,  Ml)  i.m.  injection  2 d prior  to  withdrawal  of  the 
progestin  implant  (d  7;  Figure  3-1).  In  order  to  detect  behavioral  estrous 
activity,  cows  were  observed  for  1 h at  0600,  1200  and  1800  h,  and  tailheads 
were  painted  and  chalked  (MacMillan  et  al.,  1988)  to  detect  any  overnight 
activity. 

Ultrasonography 

Day  of  estrus  was  considered  d 0 of  the  estrous  cycle.  Starting  at  d 0, 
cows  were  examined  by  transrectal  ultrasonography  utilizing  an  Equisonics 
300A  linear-array  ultrasound  scanner  equipped  with  a 7.5  Mhertz  transducer 
(Tokyo  Keiki  Co.  Ltd.,  Tokyo,  Japan)  in  order  to  determine  size  of  the 
preovulatory  follicle  and  size  and  number  of  follicles  recruited  until  d 10  of  the 
estrous  cycle  (first  follicular  wave).  Ultrasonography  was  performed  daily  in  the 
morning  by  the  same  operator.  Cvarian  maps  containing  the  size  and  relative 
position  of  follicles  greater  than  3 mm  in  diameter  and  the  presence  of  any 
other  ovarian  structures  (e.g.  CL)  were  drawn  daily  (Savio  et  al.,  1988;  Sirois 
and  Fortune,  1988).  Day  of  emergence,  growth  rate,  and  size  of  the  dominant 
and  subordinate  follicle  during  the  first  follicular  wave  of  the  synchronized  estrus 
were  determined  by  retrospective  examination  of  the  ovarian  maps. 


71 
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Figure  3-1 . Management  for  estrus  synchronization,  ultrasonography,  and 
superovulation  of  nonlactating  Holstein  cows.  E = estrus;  D = day;  ED  = 
experimental  day;  PG  = prostaglandin  FSH  = follicle  stimulating  hormone; 
Al  = artificial  insemination. 
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Superovulation  and  Embrvo  Collection  and  Quality 

Superovulatory  treatment  was  initiated  on  d 10.5  of  the  synchronized 
estrous  cycle  and  consisted  of  i.m.  injections  of  decreasing  doses  of  FSH  (FSH- 
P;  Schering  Corp,  Kenilworth,  NJ)  twice  daily  at  12  h intervals  during  4 d.  A 
total  of  12,  10,  6,  and  4 mg  of  FSH  was  injected  for  d 10.5  to  14.5,  respectively. 
On  the  third  day  of  FSH  injection,  PGFg^  (25  mg  i.m.)  was  given  at  the  time  of 
each  FSH  injection.  An  additional  dose  of  2 mg  of  FSH  was  given  to  any  cow 
not  detected  in  estrus  (as  described  above)  during  the  12  h following  the  last 
FSH  injection  (one  cow).  When  detected  in  estrus,  each  cow  was  inseminated 
artificially  twice  by  the  same  technician  using  semen  from  a single  bull  and 
batch.  The  first  insemination  occurred  between  6 to  8 h after  onset  of  estrus 
and  the  second  insemination  was  given  1 2 h after  the  first.  Also  during  this  4-d 
period,  ultrasonography  was  used  to  determine  the  size  and  number  of  follicles 
induced  during  the  superovulation  treatment  until  the  onset  of  estrus,  and  on  d 
3 to  4 postinsemination  to  determine  the  number  of  anovulatory  follicles. 

Embryos  were  collected  by  a nonsurgical  procedure  (Drost,  1986)  on  d 
6.5  after  Al.  Embryos  were  flushed  from  the  uterine  lumen  with  a known 
amount  of  PBS  (Dulbecco’s  phosphate  buffered  saline;  Gibco,  Grand  Island, 

NY)  by  intermittent  gravity  flow  through  a 2-way,  round  tip  Foley  catheter 
introduced  through  the  cervix.  The  recovered  effluent  was  filtered  through  a 75 
/xm  embryo  filter  which  was  washed  into  a flat  searching  dish.  An  aliquot  of  the 
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flushing  media  was  acidified  using  50%  H2SO4  to  reach  a pH  less  than  3 for 
determinations  of  ammonia  and  urea. 

Quality  of  embryos  recovered  was  assessed  by  two  different  methods  as 
described  by  Putney  et  al.  (1988, 1989).  Briefly,  all  embryos  were  graded 
visually  using  a compound  microscope  (Nikon  Company,  Koyko,  Japan) 
according  to  morphological  characteristics.  Quality  grading  system  was  the 
following:  1 = excellent  - a perfect  embryo;  2 = good  - trivial  imperfections 
such  as  a few  small  extruded  cells  may  be  present;  3 = fair  - definite  but  not 
severe  problems  such  as  moderate  numbers  of  extruded  cells  or  small  amounts 
of  degeneration;  4 = poor  - presence  of  degenerated  or  vesiculated  cells;  5 = 
very  poor;  6 = unfertilized  ova.  In  addition,  the  stage  of  morphological 
development  was  scored  using  the  following  system:  1 = < 8 cells;  2 = 9 to  16 
cells;  3 = early  morula;  4 = compact  morula;  5 = early  blastocyst.  Those 
embryos  with  a morphological  score  of  1 , 2,  or  3 were  classified  as  transferable, 
whereas  those  with  a score  of  4 or  5 were  considered  nontransferable, 
retarded,  or  degenerated  embryos.  A score  of  6 represented  unfertilized 
oocytes.  To  further  determine  integrity  and  viability  of  the  embryonic  cells  that 
could  not  be  detectable  by  simple  microscopic  evaluation,  all  embryos  were 
incubated  at  room  temperature  in  2 ml  PBS  containing  .2  ml  of  fluorescent  dye 
(4 -6 -diamidino-2-phenylindol,  DAPI;  .1  mg/ml  in  0.9%  NaCI;  Sigma  Chemical 
Co.,  St.  Louis,  MO),  which  has  the  characteristic  of  binding  to  DNA  when  the 
membrane  has  been  disrupted  and  stain  the  nuclei  of  dead  or  degenerated 
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blastomeres  (Schilling  et  al.,  1979).  Following  staining,  embryos  were  examined 
under  a light-reflected  fluorescence  microscope  (Olympus  Vanox,  Olympus 
Optical  Co.  Ltd.,  Tokyo,  Japan)  at  50  and  100x  magnification  using  an  OG-530 
and  a BG-12  barrier  filter.  The  DAPI  staining,  when  positive,  was  characterized 
by  a brilliant  yellow-colored  fluorescence  in  the  embryo  cell  mass.  Those 
embryos  presenting  more  than  one-third  of  the  cell  mass  positive  to  the  stain 
were  considered  positive,  whereas  those  presenting  less  than  one-third  were 
considered  a partial  positive  and  no  staining  were  classified  as  negative. 

Blood  Constituents 

Blood  samples  were  collected  daily  before  the  morning  feeding  by  jugular 
venipuncture  into  heparinized  tubes  and  placed  immediately  in  ice.  At  the  end 
of  period  1 , all  cows  were  housed  in  tie-stalls  for  an  intensive  bleeding  period, 
beginning  1 h before  the  first  feeding.  Cows  were  fitted  with  jugular  indwelling 
catheters  and  blood  samples  were  collected  every  60  min  for  1 1 h.  This  was 
not  repeated  for  period  2.  In  all  cases,  plasma  samples  were  harvested  after 
centrifugation  at  3000  x g for  30  min  at  4*C  and  stored  at  -20 ’C  until  assayed 
for  total  ammonia-N  (NH3  plus  NH4‘^;  Chaney  and  Marbach,  1963),  urea-N  (kit 
640,  Sigma  Chemical  Co.,  St.  Louis,  MO),  progesterone  (P4:  Knickerbocker  et 
al.,  1986),  estradiol  (Egi  Tortonese  et  al.,  1990),  and  insulin  (Badinga  et  al., 
1991).  Intraassay  and  interassay  coefficient  of  variance  were  10.6  and  12.0%, 
and  10.9  and  11.9%,  and  7.7  and  9.6%  for  plasma  P4,  Ej,  and  insulin, 
respectively.  Ammonia-N  was  determined  also  in  some  of  the  plasma  samples 
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(Chaney  and  Marbach,  1963)  following  deproteinlzation  of  the  sample  with 
sodium  tungstate  (10%  w/v)  plus  1 N H2SO4  in  a 1:1:1  ratio  (McCullough, 

1967). 

Fistulated  Animals 

In  addition  to  the  experimental  animals,  two  cows  with  a rumen-fitted 
cannula  were  used  in  a simple  reversal  arrangement  to  examine  the  effect  of 
dietary  treatments  on  total  ruminal  ammonia-N  concentration  and  pH,  as  well  as 
on  plasma  ammonia  (PNH3)  and  urea  nitrogen  (PUN),  in  a serial  time  sampling 
sequence.  Cows  were  fitted  with  jugular  indwelling  catheters.  Blood  samples 
were  collected  every  30  min  for  1 1 h into  heparinized  tubes  and  processed  as 
described  previously.  Ruminal  fluid  (approximately  300  ml)  was  collected  hourly 
from  at  least  three  areas  of  the  ventral  sac  via  suction  strainer,  mixed,  and 
immediately  subsampled  for  pH  determination  (pH  meter,  Orion  Research 
model  611).  Samples  then  were  acidified  with  50%  H2SO4  to  a pH  between  2 
and  3,  centrifuged  at  4000  x g for  20  min,  and  stored  at  - 20*C.  Ammonia-N 
was  determined  from  the  supernatant  of  a thawed  sub-sample  after 
centrifugation  at  22,000  x g for  15  min  (Chaney  and  Marbach,  1963). 

Statistical  Analysis 

Data  were  analyzed  by  least  squares  ANOVA  using  the  General  Linear 
Models  Procedure  of  SAS  (1988).  Data  were  first  tested  to  examine  the 
possibility  of  any  residual  carry-over  effect  from  one  period  to  the  other  period 
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by  including  in  the  model  the  treatment  sequence  (group).  The  model  used 
was: 

Y,j„  = M + Gj  + C(G)ij  + Pk  + GP|,<  + C(G)P,jk  + D,  + GDj,  + C(G)Pjjk  + 
PD(,i  + eyki,  where  n = overall  population  mean,  C(G)jj  = effect  of  cow  within 
group,  P^^  = effect  of  experimental  period,  D,  = day  of  estrous  cycle,  and  = 
residual  error  term.  The  residual  was  used  as  the  error  term. 

As  no  residual  carry-over  effect  was  found,  data  were  analyzed  as  a 
simple  reversal  design.  For  analyses  of  daily  blood  metabolites  (PUN  and 
PNH3),  follicular  characteristics  (size  of  preovulatory  follicle,  day  of  emergence 
of  dominant  follicle,  maximum  diameter,  etc.),  numbers  of  CL  and  follicles 
palpated  at  time  of  flushing,  embryos  recovered,  and  discrete  embryonic 
classification  (stage  of  development  or  morphological  characteristics),  the 
mathematical  model  was: 

Yyi,  = /I  + Cj  + Tj  + P^  + eyi,,  where  n = overall  population  mean,  Cj  = 
effect  of  cow,  T = effect  of  dietary  treatment,  P,,  = effect  of  experimental 
period,  and  eyi^  = residual  error  term.  The  residual  was  used  as  the  error  term. 

When  analyzing  for  nitrogenous  compounds  in  rumen  fluid  and  blood  of 
ruminally  fistulated  cows  during  hourly  samplings,  the  model  used  was: 

Yjjk  = /X  + Tj  + Hj  + THy  + ey^,  where  /x  = overall  population  mean,  Tj  = 
effect  of  diet,  Hj  = effect  of  sampling  time  (h),  THy  = effect  of  treatment  by 
sampling  time  interaction,  and  ey^  = residual  error  term.  The  degree  of 
significance  of  responses  to  dietary  treatments  was  tested  by  using  the  residual 
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error  term.  The  effect  of  cow  within  treatment  was  included  in  the  model  as  the 
error  term  for  treatment  when  ruminally  intact  cows  were  sampled  for  PNH3  and 
PUN. 

Tests  of  homogeneity  of  regression  (Wilcox  et  al.,  1990)  were  performed 
on  plasma  hormones  (insulin,  P4  and  Ej),  total  number  of  follicles  within  size 
classes  during  the  first  follicular  wave  across  time  (d  0 to  1 0 of  the 
synchronized  estrous  cycle)  and  during  induction  of  superovulation,  and  on  size 
and  diameter  of  dominant  and  subordinate  follicles  (up  through  d 10).  Under 
this  procedure,  a single  polynomial  regression  was  fit  to  each  independent 
variable  versus  day  to  describe  a single  pooled  within-group  curve  (full  model). 
Then  an  expanded  model  was  obtained  to  examine  treatment  of  regression 
curve  interaction.  The  test  (F  statistic)  involved  the  gain  from  fitting  individual 
regression  curves  for  treatment  (diet)  or  period  by  day  as  a continuous  function 
compared  with  fitting  the  single  pooled  curve.  The  greater  the  difference  in 
residual  error,  greater  was  the  probability  that  the  treatment  or  period  curves 
were  not  parallel. 

Results  and  Discussion 

Data  from  one  cow  had  to  be  deleted  from  this  study  due  to  the 
presence  of  a pathological  reproductive  condition  (hydrosalpinx)  found  during  a 
postmortem  examination.  A blocked  oviduct  precluded  the  recovery  of 
embryos.  Therefore  only  data  from  1 1 cows  were  included  in  the  statistical 
analyses. 


Table  3-2.  Mean  intakes  of  dry  matter  (DM),  crude  protein  (CP),  degradable  intake  protein  (DIP),  undegradable  intake 
protein  (UIP),  and  energy  (NEJ  by  11  nonlactating  Holstein  cows  fed  diets  of  adequate  (12.3%)  and  high  (27.4%) 
crude  protein  (CP)  concentration. 

% Dietary  CP  Period  
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Cows  consumed  the  same  amount  of  feed  (1 0.37  vs.  1 0.46  kg/ d)  and 
NEl  (14.84  vs.  14.75  Mcal/d)  independent  of  CP  content  of  the  diet  (AP  or  HP, 
respectively:  Table  3-2).  Intake  of  CP  (2.87  vs.  1.28  kg/d),  DIP  (2.03  vs.  .77 
kg/d),  and  UIP  (.84  vs.  .51  kg/d)  were  greater  (P  = .0001)  by  cows  receiving 
the  HP  diet.  Cows  fed  the  HP  diet  ate  an  amount  of  CP  equivalent  to  that  of  a 
lactating  cow  consuming  20  kg/d  DM  and  producing  30  kg/d  of  milk  (600  kg 
BW,  and  3.5%  milk  fat;  NRC,  1989).  Most  of  the  protein  (70.7%)  was  in  a highly 
degradable  form.  No  period  effect  was  detected. 

Large  amounts  of  urea  or  other  nonprotein  nitrogen  (NPN)  compounds 
fed  to  ruminants  are  transformed  into  ammonia  by  ruminal  bacteria. 

Furthermore,  insufficient  amounts  of  fermentable  carbohydrates  in  the  diet  result 
in  a shortage  of  carbon  skeletons  for  the  synthesis  of  bacterial  protein  resulting 
in  an  excess  of  ruminally  available  N (Lewis,  I960;  NRC,  1976;  NRC,  1989). 

Blood  samples  taken  daily  before  the  morning  feeding  indicated  that 
cows  fed  the  HP  diet  had  greater  (P  = .001)  mean  concentrations  of  PUN 
compared  with  cows  fed  the  AP  diet  (21.3  vs.  9.8  mg/dl;  Table  3-3  and  Figure 
3-2).  Therefore  the  objective  of  establishing  wide  differences  in  PUN 
concentrations  in  two  groups  of  cows  was  fulfilled.  Concentrations  of  PNH3, 
however,  were  not  different  between  dietary  treatments  when  sampled  prior  to 
feeding  (.90  vs.  .90  mg/dl)  for  HP  and  AP,  respectively:  Figure  3-3). 

Due  to  the  transitory  nature  of  PNH3  concentrations,  sampling  after 
feeding  may  provide  a more  complete  picture  of  the  PNH3  status  of  cows. 
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Figure  3-2.  Plasma  urea-N  (PUN)  concentration  in  samples  taken  daily  before 
the  morning  feeding  of  11  nonlactating  cows  fed  an  adequate  (AP;  12.3%)  or  a 
high  (HP;  27.4%)  crude  protein  diet.  SEM  = .6. 


AP-DIET  HP-DIET 

Figure  3-3.  Plasma  ammonia-N  concentration  in  samples  taken  daily  before  the 
morning  feeding  of  11  nonlactating  cows  fed  an  adequate  (AP;  12.3%)  or  a high 
(HP;  27.4%)  crude  protein  diet.  SEM  = .005. 
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Figure  3-4.  Plasma  ammonia-N  concentration  in  samples  collected  hourly  from 
11  nonlactating  cows  fed  an  adequate  (AP;  12.3%)  or  a high  (HP;  27.4%)  crude 
protein  diet.  Feeding  was  at  0 and  4 h.  SEM  = .05. 


Figure  3-5.  Plasma  urea-N  concentration  in  samples  collected  hourly  from  1 1 
nonlactating  cows  fed  an  adequate  (AP;  12.3%)  or  a high  (HP;  27.4%)  crude 
protein  diet.  Feeding  was  at  0 and  4 h.  SEM  = 2.2. 
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Samples  collected  hourly  for  1 1 h postfeeding  indicated  that  feeding  the  HP  diet 
resulted  in  greater  (P  = .004)  PNHg  concentrations  compared  with  the  AP  diet 
(1.38  vs.  1.11  mg/dl;  Figure  3-4).  Plasma  ammonia  concentrations  increased 
after  each  feeding  although  the  increase  at  4 h by  cows  fed  the  HP  diet  was 
very  slight.  Concentrations  had  not  yet  returned  to  beginning  values  by  end  of 
sampling  period  (1 1 h).  As  expected,  concentrations  were  greater  than  those 
collected  daily  just  before  feeding  (Figure  3-3). 

As  samples  collected  daily  demonstrated,  PUN  concentrations  in 
samples  collected  hourly  postfeeding  differed  (P  = .0001)  widely  between  cows 
fed  HP  and  AP  diets  (28.3  vs.  11.2  mg/dl);  Figure  3-5).  Concentrations  of  PUN 
in  cows  fed  the  AP  diet  were  similar  to  those  normally  reported  for  lactating 
dairy  cows  (Jordan  and  Swanson.,  1979a;  Johnson  et  al.,  1986;  Holtz  et  al., 
1986;  Howard  et  al.,  1987;  Carroll  et  al.,  1988;)  while  cows  fed  the  HP  diets 
exhibited  greater  concentrations  compared  with  values  reported  in  the  literature 
(Jordan  and  Swanson,  1979a;  Ferguson  et  al.,  1986a;  Blanchard  et  al.,  1990). 
Therefore  PUN  values  in  cows  fed  the  HP  diet  were  at  concentrations  thought 
to  have  a negative  impact  on  reproductive  performance. 

Data  from  fistulated  cows  showed  the  impact  that  diet  had  on  ruminal  pH 
and  ammonia  concentrations  as  well  as  on  PNHg  and  PUN.  Ruminal  pH 
(Figure  3-6),  decreased  steadily  for  8 h after  feed  consumption  from 
approximately  7.0  to  6.25.  Before  feeding  there  are  few,  if  any,  easily 
fermentable  substrates  remaining  in  the  rumen  for  the  production  of  VFA  which 
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AP-NH3  -e-  HP-NH3  AP-pH  -s-  HP-pH 


Figure  3-6.  Changes  in  ammonia-N  (NH3)  concentration  and  pH  in  rumen  fluid 
collected  hourly  from  two  fistulated  nonlactating  Holstein  cows  fed  an  adequate 
(AP;  12.3%)  or  a high  (HP;  27.4%)  crude  protein  diet.  Feeding  was  at  0 and  4 
h.  SEM  = .03. 


RUMEN  pH 
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lower  ruminal  pH.  The  pH  declines  steadily  after  feeding  as  fermentation  of 
rapidiy  digested  feedstuffs  progresses  (Veen,  1986).  A second  contributing 
factor  of  elevated  pH  prior  to  feeding  is  a possible  increase  in  ruminal  ammonia 
through  the  endogenous  metabolism  of  bacteria  and/or  through  lysis  of 
bacteria  (Wohit  et  al.,  1976),  a condition  not  existing  in  this  study  (Figure  3-7). 
After  feeding,  mean  ruminal  pH  was  less  acidic  (P  = .CX)1)  in  cows  fed  HP  diets 
(6.67  vs.  6.56).  This  greater  ruminal  pH  resulted  from  greater  mean  elevated 
ammonia  concentrations  at  this  time  (51.3  vs.  11.9  mg/dl;  P = .001;  Figure  3- 
6). 

A spike  in  ruminal  ammonia  concentration  was  observed  after  each 
feeding  with  the  greater  spike  resulting  from  the  first  meal.  As  expected,  the 
spike  was  greater  for  cows  fed  the  HP  diet,  going  from  1 2 to  70  mg/dl  in  3 h. 
Ruminal  ammonia  concentrations  for  cows  fed  the  AP  diet  rose  from  9 to  22 
mg/dl  in  1 h.  This  effect  of  ruminal  ammonia  on  pH  has  been  discussed  by 
previous  scientists  (NRC,  1976;  Webb  et  al.,  1972).  Excessive  ruminal 
ammonia  in  conjunction  with  elevated  pH  has  been  known  for  a long  time  to 
promote  an  increase  in  PNH3  as  well  as  PUN  (Lewis,  I960;  Webb  et  al.,  1972). 
In  this  study,  changes  in  ruminal  ammonia  concentration  in  the  fistulated  cows 
after  feeding,  were  matched  by  those  in  PNH3  (Figure  3-7).  Plasma  ammonia 
increased  a maximum  of  43  and  56%  over  initial  concentrations  (time  = 0 h)  for 
the  AP  and  HP  treatments,  respectively.  A second  increase  (11%)  in  PNH3  was 
observed  at  the  second  feeding  (h  4)  by  cows  fed  diet  HP.  Increases  in  PNH3 
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AP-DIET  HP-DIET 

Figure  3-7.  Plasma  ammonia-N  concentration  in  samples  collected  every  30 
min  from  two  fistulated  nonlactating  Holstein  cows  fed  an  adequate  (AP;  12.3%) 
or  a high  (HP;  27.4%)  crude  protein  diet.  Feeding  was  at  0 and  4 h.  SEM  = 
.07 


Figure  3-8.  Plasma  urea-N  concentration  in  samples  collected  every  30  min 
from  two  fistulated  nonlactating  Holstein  cows  fed  an  adequate  (AP;  12.3%)  or  a 
high  (HP;  27.4%)  crude  protein  diet.  Feeding  was  at  0 and  4 h.  SEM  = 1.1. 
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concentrations  have  been  proposed  to  occur  when  the  rate  of  ammonia 
absorption  from  the  gut  exceeds  the  capacity  of  the  liver  to  convert  it  to  urea 
(NRC,  1976).  In  the  dairy  cow,  maximum  conversion  has  been  determined  to 
be  around  1.84  mmol/min  per  kg  wet  weight  of  liver  (Symonds  et  al.,  1981). 
Within  1 h postfeeding  (time  = 1 h),  PNH3  concentration  for  the  AP  diet  had 
returned  to  basal  concentrations.  Mean  PNH3  concentrations  were  greater  (P 
= .001)  for  cows  fed  HP  diets  (1.35  vs.  1.16  mg/dl),  primarily  due  to  differences 
between  1 .5  and  6 h postfeeding.  This  pattern  supports  the  data  obtained  from 
daily  prefeeding  plasma  samples  (Figure  3-3).  If  PNH3  were  not  different  after  8 
h of  the  first  meal,  then  it  was  not  surprising  that  PNH3  concentrations  by  next 
morning  would  be  similar.  It  probably  was  the  combined  result  of  a continuous 
detoxification  of  PNH3  by  the  liver  and  a reduction  in  the  amount  of  feed 
consumed  due  to  the  restricted  feeding. 

As  with  ruminal  and  plasma  ammonia,  values  of  PUN  from  fistulated 
cows  increased  postfeeding  (Figure  3-8).  The  rise  in  PUN  created  by  the  AP 
diet  was  slight  (12.5  to  17  mg/dl)  compared  with  the  rise  observed  for  cows  fed 
the  HP  diet  (22.5  to  32  mg/dl).  The  rise  also  occurred  in  a shorter  period  of 
time  when  the  AP  diet  was  fed  (4.5  vs.  8.5  h).  Unlike  PNH3  values  which 
decreased  to  postpandrial  concentrations  within  1 to  7 h depending  upon 
dietary  treatments,  PUN  values  for  cows  fed  the  HP  diet  remained  elevated 
throughout  the  sampling  period  while  those  for  cows  fed  the  AP  diet  returned  to 
prefeeding  concentrations  within  8 h period.  It  is  possible  that  the  inhibition  of 
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urea  transport  back  to  the  rumen  by  high  ruminal  ammonia  concentrations  in 
cows  fed  the  HP  diet  (Huntington,  1986)  and  a limit  in  the  clearance  rate  of  urea 
through  the  urinary  system  contributed  to  the  continuous  increased  of  urea  in 
blood.  Furthermore,  differences  detected  in  PUN  in  daily,  prefeeding  samples 
(Figure  3-2)  were  narrower  than  the  differences  found  during  the  intensive 
bleeding  (Figures  3-5  and  3-8),  although  it  still  was  significant  (P  = .01)  and 
fulfilled  our  objective  of  creating  a blood  environment  where  urea  concentrations 
were,  on  average,  greater  than  18  mg/dl  (Table  3-2).  The  systemic  effect  of 
PUN  on  the  animals  was  more  persistent  than  that  of  ammonia. 

Analysis  of  nondeproteinized  plasma  samples  for  ammonia  can  result  in 
elevated  ammonia  concentrations  due  to  the  proposed  release  of  the  amide 
group  from  AA  by  enzymatic  activity  (Okuda  et  al.,  1965).  In  addition,  the 
freezing  of  plasma  samples  at  -20*  C for  several  weeks  can  result  in  a 50% 
increase  in  ammonia  concentrations  (Fernandez  et  al.,  1988).  Unfortunately, 
plasma  samples  collected  for  this  experiment  were  frozen  and  not  deproteinized 
prior  to  analysis. 

Due  to  the  high  PNH3  values  found  in  our  study  compared  with  some 
literature  values  (.08-.  150  mg/dl),  samples  from  Figure  3-7  were  reanalyzed 
using  a deproteinization  agent  (sodium  tungstate)  prior  to  ammonia 
determination  as  recommended  by  several  researchers  (Okuda  et  al.,  1965; 
McCullough,  1967;  Fernandez  et  al.,  1988).  Plasma  NH3  values  were  reduced 
greatly  from  about  1 .25  (Figure  3-7)  to  about  .69  mg/dl  (Figure  3-9)  by  use  of 
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Figure  3-9.  Plasma  ammonia-N  concentration  in  samples  collected  every  30 
min  from  two  fistulated  nonlactating  Holstein  cows  fed  an  adequate  (AP;  12.3%) 
or  a high  (HP;  27.4%)  crude  protein  diet.  Plasma  samples  were  deproteinized 
before  ammonia-N  determination.  Feeding  was  at  0 and  4 h.  SEM  = .7. 
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Figure  3-10.  Mean  body  weight  change  during  the  experimental  period  of  11 
nonlactating  Holstein  cows  fed  an  adequate  (AP;  12.3%)  or  a high  (HP;  27.4%) 
crude  protein  diet.  SEM  = 6.5. 


Table  3-4.  Development  of  the  first  follicular  wave  of  the  synchronized  estrous  cycle  of  nonlactating  Holstein  cows  fed 
diets  of  adequate  (12.3%)  and  high  (27.4%)  crude  protein  (CP)  concentration. 

% Dietary  CP  Period 

Stage  12.3  27.4  Effect.  P=  I II  Effect,  P=  SEM 
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the  deproteinization  step.  Nevertheless,  the  values  remained  substantially 
greater  than  values  reported  in  the  literature  (.08-. 150  mg/dl).  This  may  have 
been  due  to  the  freezing  process.  Differences  between  treatment  groups  were 
maintained  (.55  vs.  .84  mg/dl;  P = .001;  Figure  3-9);  in  fact,  were  magnified 
using  the  deproteinization  step.  Therefore,  while  the  absolute  values  can  not  be 
accepted  due  to  the  improper  processing  of  the  samples  prior  to  analyses,  the 
relative  differences  due  to  treatment  appear  to  be  real. 

Dietary  treatments  did  not  affect  BW  (605.7  vs.  603.8  kg  for  AP  and  HP 

# 

diets,  respectively;  P = .45)  which  remained  essentially  unchanged  (Figure  3- 
10). 

Maximum  diameters  of  the  preovulatory  follicle  of  the  synchronized 
estrous  cycle  between  cows  receiving  the  low  and  the  high  CP  diets  were 
similar  (16.4  vs.  15.8  mm;  Table  3-4).  Dietary  treatments  failed  to  affect  the  day 
of  emergence  of  the  first  wave  dominant  follicle  (DF;  2.2  vs.  2.1  d),  the  length  of 
time  needed  by  the  DF  to  reach  its  maximum  size  (7.3  vs.  7.5  d),  and  the 
maximum  size  of  the  DF  (14.0  vs.  14.4  mm). 

Analysis  of  homogeneity  of  regression  for  growth  pattern  of  the  DF  and 
subordinate  follicles  (SF)  did  not  show  any  deviation  due  to  dietary  treatments 
(Figure  3-11).  Sizes  of  the  DF  (14  mm)  and  SF  (6  mm)  were  similar  to  those 
reported  by  De  la  Sota  et  al.  (1993)  for  nonlactating  Holstein  cows. 

Mean  numbers  of  ovarian  follicles  classified  according  to  three  discrete 
sizes  were  not  affected  by  AP  or  HP  diets,  although  class  3 (>9  mm)  follicles 
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DF-AP  -e-  DF-HP 


SF-AP  -B-  SF-HP 


Figure  3-1 1 . Mean  diameter  of  the  dominant  (DF)  and  subordinate  (SF)  follicle 
during  the  first  follicular  wave  after  estrous  synchronization  in  1 1 nonlactating 
Holstein  cows  fed  an  adequate  (AP;  12.3%)  or  a high  (HP;  27.4%)  crude  protein 
diet.  SEM  for  DF  = .4;  SF  = .3. 
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from  cows  fed  the  AP  diet  tended. to  be  found  in  larger  numbers  (.74  vs.  .69;  P 
= .15;  Table  3-5).  The  number  of  follicles  within  size  classes  changed 
according  to  day  of  the  estrous  cycle  (P  < .001)  due  to  the  movement  of 
follicles  from  one  class  to  the  other  fTable  3-5).  Data  is  in  agreement  with 
Savio  et  al.  (1988)  and  Thatcher  et  al.  (1992a,b).  Curves  fitted  for  each  follicular 
size  class  across  days  of  the  first  follicular  wave  were  tested  by  homogeneity  of 
regression  between  treatments.  All  curves  of  follicular  numbers  for  each  follicle 
size  class  up  to  d 10  of  the  estrous  cycle  were  unaffected  by  AP  or  HP  diets 
(Figure  3-12).  Interpretation  of  period  effect  is  discussed  later. 

Mean  numbers  of  follicles  for  each  follicular  class  size  during  induction  of 
superovulation  were  not  different  for  the  cows  fed  12.3  or  27.4%  CP  diets 
(Table  3-6).  Once  again,  day  of  superovulation  within  each  follicle  class  size 
was  significant  (P  = .001 ) and  represents  the  movement  of  follicles  from  one 
size  class  to  another  in  response  to  FSH-P  (Table  3-6).  A linear  decline  in  class 
size  1 follicles  coincided  with  an  increase  in  class  size  2 follicles  up  to  d 2 of 
superovulation  induction.  By  d 3,  class  size  2 follicles  began  to  move  into  class 
size  3,  followed  by  an  abrupt  decrease  in  class  size  2 on  d 4,  and  a 
simultaneous  increase  in  class  size  3 follicles.  Tests  of  homogeneity  of 
regression  for  numbers  of  each  follicular  class  size  across  days  of 
superovulation  induction  (Figure  3-13)  showed  no  difference  between  cows  on 
the  12.4  and  27.3%  CP  diets.  Figure  3-13  shows  the  movement  of  follicles  from 
smaller  to  larger  size  classes  and  how  the  combined  effect  of  FSH-P  and  PGFga 
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AP-DIET  — HP-DIET 


Figure  3-12.  Mean  numbers  of  ovarian  follicles  in  discrete  size  classes  during 
the  first  follicular  wave  after  synchronized  estrous  in  11  nonlactating  Holstein 
cows  fed  an  adequate  (AP;  12.3%)  or  a high  (HP;  27.4%)  crude  protein  diet. 
Class  1=4  mm  (SEM  = 1.3);  Class  2 = 5 to  9 mm  (SEM  = .5);  Class  3 > 9 
mm  (SEM  = .02). 
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•-  CL1-AP  — CL2-AP  CL3-AP 
e-  CU-HP  -**-  CL2-HP  -A-  CL3-HP 


Figure  3-13.  Mean  numbers  of  ovarian  follicles  in  size  class  (CL)  during 
induction  of  superovulation  in  1 1 nonlactating  Holstein  cows  fed  an  adequate 
(AP;  12.3%)  or  a high  (HP;  27.4%)  crude  protein  diet.  Class  1 = 4 mm  (SEM  = 
1.3);  Class  2 = 5 to  9 mm  (SEM  = 1.0);  Class  3 > 9 mm  (SEM  = .4). 
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injections  overrode  the  process  of  follicular  dominance  allowing  multiple 
ovulations  to  occur. 

Superovulation  response  also  was  evaluated  based  on  ultrasonographic 
records  taken  at  the  end  of  the  superovulatory  treatment  (d  4)  and  3 d 
postbreeding.  No  differences  were  found  in  the  number  and  percentages  of 
preovulatory,  anovulatory,  and  ovulatory  follicles  induced  during  superovulation 
between  nonlactating  Holstein  cows  fed  two  dietary  CP  concentrations  (Table  3- 
7).  Proportion  of  anovulatory  follicles  were  less  (17.4  vs.  30.6%;  P = .08)  and 
ovulatory  follicles  were  greater  (82.6  vs.  69.4;  P = .08)  in  Period  II  (Table  3-7). 

Only  one  cow  failed  to  produce  any  embryos  or  ova  during  the  entire 
experiment.  This  cow  was  fed  the  27.3%  CP  diet  during  Period  I (Table  3-8). 
Collection  efficiency,  that  is,  the  percentage  of  cows  flushed  from  which  ova  or 
embryos  were  recovered,  was  not  different  between  the  AP  and  HP  groups  or 
periods  (Table  3-8).  The  significance  of  the  variables  reported  in  Table  3-8  did 
not  change  when  all  cows  or  only  cows  that  produced  ova/embryos  were 
included  in  the  analyses.  Numbers  of  follicles  (2.3  vs.  3.0)  and  corpora  lutea 
(15.6  vs.  15.9)  per  cow  as  determined  by  rectal  palpation  at  flushing  (d  6.5 
postbreeding)  and  total  numbers  of  ova/embryos  (7.4  vs.  8.7)  were  similar  for 
cows  fed  AP  and  HP  diets  (Table  3-8).  Neither  did  theses  measurements  differ 
when  only  those  cows  that  produced  ova/embryos  were  considered  in  the 
analyses  (Table  3-9). 


Table  3-7.  Number  and  percentage  of  preovulatory,  anovulatory,  and  ovulatory  follicles  during  induced  superovulation 
of  nonlactating  Holstein  cows  fed  diets  of  adequate  (1 2.3%)  and  high  (27.4%)  crude  protein  (CP)  concentration. 

% Dietary  CP  Period 

Follicles  12.3  27.4  Effect,  P=  I II  Effect,  P=  SEM 
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Table  3-8.  Superovulatory  responses  (follicles,  corpora  lutea,  and  embryos)  of  all  nonlactating  Holstein  cows  fed  diets 
of  adequate  (12.3%)  and  high  (27.4%)  crude  protein  (CP)  concentration. 

% Dietary  CP  Period 

Measurement  12.3  27.4  Effect,  P=  I II  Effect,  P=  SEM 
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Table  3-9.  Superovulatory  responses  (follicles,  corpora  lutea,  and  embryos/ova)  only  of  those  nonlactating  Holstein 
cows  producing  embryos  and  consuming  diets  of  adequate  (1 2.3%)  and  high  (27.4%)  crude  protein  (CP) 
concentration. 

% Dietary  CP  Period 

Measurement  12.3  27.4  Effect,  P=  I II  Effect,  P=  SEM 
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Embryos  recovered  divided  by  number  of  corpora  lutea  palpated  times  1 00. 
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Percentage  of  embryos  recovered  based  on  number  of  corpora  iutea 
(CL)  palpated  at  flushing,  a subjective  measure  of  flushing  efficiency,  was 
consistent  for  both  periods,  although  lower  than  the  65%  reported  by  Savio  et 
al.  (1991)  or  the  ranges  (70  to  90%)  by  commercial  embryo  transfer  companies 
(Seidel,  1984).  Several  causes  for  the  decreased  efficiency  of  embryo  recovery 
can  be  proposed.  One  possible  cause  is  the  effect  of  time  of  recovery  after  the 
beginning  of  estrus.  Recovery  efficiency  improves  as  embryos  migrate  from  the 
oviduct  to  the  tip  of  the  uterine  horn  (Seidel,  1984).  Waiting  until  d 7 gives  more 
time  for  migration.  In  this  experiment,  recovery  was  initiated  on  d 6.5  compared 
with  d 7 used  by  Savio  et  al.  (1991).  Another  factor  known  to  depress  recovery 
is  repeated  superovulations.  All  cows  in  this  study  were  superovulated 
previously  (period  I),  although  a 90  d span  between  periods  proved  to  be 
enough  to  avoid  any  residual  effect  as  determined  statistically.  Finally,  the 
accuracy  of  this  measurement  depends  upon  one’s  ability  to  accurately  palpate 
all  CL  present  on  the  ovaries,  a challenging  task  considering  that  the  accuracy 
diminishes  as  response  (number  of  CL)  increases  (Drost,  1 993  - personal 
communication).  Reports  from  commercial  embryo  transfer  companies  have 
been  criticized  for  underestimating  the  number  of  palpable  CL,  which  will  result 
in  higher  recovery  percentages  (Drost,  1993  - personal  communication).  In 
addition,  luteal  tissue  does  not  represent  always  an  ovulated  follicle. 

As  mentioned  before,  there  was  not  a single  sign  of  altered  response  to 
superovulation  based  on  the  mean  number  of  total  embryos  (7.4  vs.  8.7) 


Table  3-10.  Number  of  normal  and  retarded/abnormal  embryos  and  unfertilized  ova  recovered  from  superovulated 
nonlactating  Holstein  cows  fed  diets  of  adequate  (12.3%)  or  high  (27.4%)  crude  protein  (CP)  concentration. 

% Dietary  CP  Period 

Embryos  and  ova’  12.3  27.4  Effect,  P=  I II  Effect,  P = SEM 


102 


CO 

00  O) 

O CO 

c\i 

T-  1— 

* d 

T-  C\J 

• 

.63 

.66 

.29 

.00 

.78 

C\J  ^ 

T-  CSJ 
• • 

O) 

0) 

00 

^ q 

00 

c\i  CCJ 
CM  cvi 

CO  ^ 

C\J 

o> 

0)° 

.5 

16.8 

• 

h- 

C\J 

1-  lO 

8f2 

CSJ 

in  0) 

CJ) 

• 

• • 

• • 

o O’ 

coP 

00 

00 

CO 

CO 

CO  P 

00^ 

• 

cvi  ^ 

■ 

CM 

% 

u 

c 

Wk 

75 

C 

CM 

in 

E 

o 

o 

© 

c 

> 

jQ 

n 

o 

E 

© 

© 

T3 

© 

N 

9mmm 

c 

© 

E 

o 

o o 

s 

o 

© 

c5  E 

•2 

c 

1- 

z 

cc  © 

3 

(0 

o 


(/) 

c 

o 

mmmm 

"S 

> 

(D 

“D 

s 

o 


o 

75 

o 

'S’ 


SQ 

© 

o 

CO 


JC  o 

9-  o E 
0 0 3 

i 

B e-  s 

CD  O E 

■i  ^ CO 

te  CO  o 

8 

8 IS 

TJ  ® 

to  > E 

ra  ® CL 

S’  o 

■D  w -5 

M CD  > 
(0  0) 

8-SB 

8 e s, 

O Q- 

O 5 ^ 
.y  0 CO 

E i-o 

-n  ® 

^ t5 

.S>-D  © 
— S CL 


(D 

O 

C 

CO 


.-tS  >< 
n o ^ 

T3  9-  ® 
® ©5 


© 


© 


E __ 

X ^ o 
© © c 

in  xn  in 

o o o 

n n n 
E E E 

m LU  LU 


© 

To  ® 

O)  ® 

o .b< 

El 

b=  ^ 
O C 

£ 3 


^ CM  CO 


103 


recovered  from  cows  on  AP  or  HP  diets  (Table  3-10).  Not  all  embryos 
recovered  during  superovulation  are  viable.  Embryo  viability  from  cows  on  both 
dietary  treatments,  using  light  microscopy  and  a grading  system  based  upon 
morphological  characteristics,  numbers  and  percentages  of  normal  embryos 
(2.8  and  34.9  vs.  4.0  and  33.9),  numbers  and  percentages  of 
retarded/abnormal  embryos  (2.8  and  40.5  vs.  2.8  and  35.0),  and  numbers  and 
percentages  of  unfertilized  ova  (1.8  and  24.6  vs.  1.8  and  31.1)  produced  by 
cows  receiving  the  1 2.3%  CP  diet  were  not  different  from  those  produced  by 
cows  receiving  the  27.4%  CP  diet  (Table  3-10).  Period,  did  not  influence 
variables  measured  (Table  3-10).  . 

Embryo  viability  also  was  assessed  visually  by  light  microscopy.  This  is 
a routine  procedure  used  in  embryo  transfer  laboratories  to  select  those 
embryos  with  greater  possibilities  of  successful  implantation  in  a recipient  cow. 
Using  this  visible  assessment,  numbers  of  transferable  and  nontransferable 
embryos  and  unfertilized  ova  recovered  from  superovulated  cows  was 
determined.  Increasing  the  concentration  of  dietary  CP  from  12.3  to  27.4%  DM 
did  not  affect  the  number  nor  the  percentage  of:  transferable  (4.0  and  49.7  vs. 
4.9  and  54.0)  and  nontransferable  (1.6  and  25.7  vs.  2.0  and  14.9)  embryos 
recovered  from  superovulated  nonlactating  Holstein  cows  (Table  3-11).  The 
number  and  percentages  of  unfertilized  ova,  as  a measurement  of  fertilization 
failure,  were  similar  for  the  cows  fed  AP  (1.8  and  24.6)  and  for  HP  (1.8  and 
31.1)  diets.  These  results  disagree  with  those  of  Blanchard  et  al.  (1990)  who 


Table  3-1 1 . Number  of  transferable  and  nontransferable  embryos  and  unfertilized  ova  recovered  from 
superovulated  nonlactating  Holstein  cows  fed  diets  of  adequate  (1 2.3%)  or  high  (27.4%)  crude  protein  (CP) 
concentration.  

% Dietary  CP  Period 

Embryos  and  ova’  12.3  27.4  Effect,  P=  I II  Effect,  P=  SEM 
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fed  lactating  cows  isocaloric,  isonitrogenous  diets  (16%  CP)  formulated  to 
comprise  64  or  73%  ruminally  degradable  protein  (DIP).  More  cows  (7/19  vs. 

1 /1 9)  fed  the  73%  DIP  diet  failed  to  yield  transferable  embryos  (P  < .05).  In 
addition,  mean  percentage  of  fertilized  ova  recovered  from  cows  fed  the  73% 
DIP  diet  was  less  (P  < .05)  compared  with  those  fed  the  64%  DIP  diet  (54.8  vs. 
79.0).  Mean  percentage  of  transferable  ova  also  tended  to  be  less  (P  < .06) 
for  cows  fed  the  73%  DIP  diet  (44.2  vs.  66.9).  Nevertheless,  mean  number  of 
fertilized  (5.5  vs.  6.6),  unfertilized  (3.1  vs.  2.3),  transferable  (4.5  vs.  5.5),  and 
nontransferable  (4.0  vs.  3.3)  ova  recovered  from  dietary  treatments  groups  were 
not  different  in  the  study  by  Blanchard  et  al.  (1990). 

Among  morphological  criteria  that  have  been  used  for  determining 
viability  of  embryos,  stage  of  development  and  number  of  cells  appear  to  be 
more  reliable  than  gross  morphological  appearance  (Butler  and  Biggers,  1989). 
No  differences  were  found  when  comparing  the  mean  stage  of  development, 
quality,  or  estimated  cell  number  of  embryos  recovered  from  superovulated 
cows  fed  diets  containing  12.3  or  27.4%  CP  (Table  3-12).  However,  embryo 
quality  tended  (P  < 15)  to  be  affected  by  period  effect.  Embryos  collected 
during  summer  (Period  I)  tended  to  grow  less  and  were  of  a lesser  quality 
compared  with  those  embryos  collected  in  Period  II  (winter).  Similar  results 
have  been  reported  by  Putney  et  al.  (1989)  for  embryos  subjected  to  heat 
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Table  3-13.  DAPI  (4’,6’-diamidino-2-phenylindole)  stain  response’  of 
embryos  recovered  from  superovulated  nonlactating  Holstein  cows  fed  diets 
of  adequate  (1 2.3%)  and  high  (27.4%)  crude  protein  (CP)  concentrations. 


DAPI  response® 

Measurement 

Negative® 

Partial  positive^ 

Positive® 

12.3%  CP  diet,  n 

43 

8 

30 

.% 

53.1 

9.9 

37.0 

27.4%  CP  diet,  n 

58 

66.7 

3 

26 

.% 

3.4 

29.9 

Normal  embryo®,  n 

71 

1 

3 

.%  . 

94.7 

3.4 

4.0 

Retarded/abnormal  embryo^,  n 

.% 

30 

15 

16 

49.2 

24.6 

26.2 

Unfertilized  ova®,  n 

0 

0 

45 

.% 

0 

0 

100 

’ Extent  of  acceptance  of  DAPI  indicates  disruption  of  the  membrane  and 
affinity  for  DMA  from  nuclei  of  dead  and/or  degenerated  blastomeres. 

^ P = .101  for  Chi-square  analysis  of  distribution  of  fluorescence  reaction  of 
embryos  different  between  dietary  treatments.  P = .001  for  Chi-square 
analysis  of  distribution  of  fluorescence  reaction  of  embryos  among 
developmental  groups. 

^ Absence  of  fluorescence  in  all  blastomeres. 

^ Fluorescence  in  less  than  one  third  of  the  cell  mass. 

® Fluorescence  in  more  than  one  third  of  the  cell  mass. 

® Embryos  at  the  expected  stage  of  development  with  normal  morphology. 

^ Embryos  not  at  the  expected  stage  of  development  (up  to  a maximum  1 6 
cells)  with  or  without  deviations  of  their  morphological  appearance. 

® Unfertilized,  one-cell  ova. 
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Table  3-14.  Quality  of  embryos’  (number  and  proportion)  recovered  from 
superovulated  nonlactating  Holstein  cows  fed  diets  of  adequate  (1 2.3%)  or 
high  (27.4%)  crude  protein  (CP)  concentration. 


% Dietary  CP 

Embryos  and  ova^ 

12.3 

27.4 

Normal  embryos®,  n 

31 

44 

.% 

38.3 

45.8 

Retarded/abnormal  embryos^,  n 

30 

31 

.% 

37.0 

45.8 

Unfertilized  ova®,  n 

20 

21 

,% 

24.7 

32.3 

Transferable  embryos®’^,  n 

45 

53 

.% 

55.6 

55.2 

Nontransfereble  embryos®,  n 

17 

22 

.% 

21.0 

22.9 

Unfertilized  ova®,  n 

19 

21 

.% 

23.5 

21.9 

’ P = .579  for  Chi-square  analysis  for  the  distribution  of  among 
developmental  groups.  P = .940  for  Chi-square  analysis  for  the 
distribution  of  embryos  different  between  quality  groups. 

^ Embryos  examined  by  light  microscopy  and  graded  according  to 
morphological  criteria. 

^ Embryos  at  the  expected  developmental  stage  with  normal  morphology. 
Embryos  not  at  the  expected  stage  of  development  (up  to  a maximum  of 
1 6 cells)  with  or  without  deviations  of  their  morphological  appearance. 

® Unfertilized,  one-cell  ova. 

® Quality  was  assessed  using  the  following  scale:  1 = excellent,  no 
imperfections:  2 = good,  only  trivial  imperfections:  3 = fair,  definite  but 
no  severe  imperfections:  4 = poor,  partly  degenerated:  5 = very  poor:  6 
= unfertilized  ova. 

^ Quality  score  of  1 , 2,  3. 

® Quaiity  score  of  4 or  5. 

® Quality  score  of  6. 
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Fluorescent  DAPi  stain,  a complementary  method  used  to  evaluate 
embryo  viability  (Schilling  et  al.,  1979;  Butler  and  Biggers,  1989)  was  used  in 
this  experiment  to  detect  alterations  in  the  embryonic  cell  mass  which  were 
undetectable  by  microscopic  appraisal.  No  differences  in  DAPI  stain  in  the 
number  or  the  percentage  of  normal  and  retarded/abnormal  embryos  were 
detected  between  dietary  treatments  (Table  3-13),  or  on  embryo  quality  (Table 
3-14).  DAPI  has  been  a very  useful  tool  to  determine  othenwise  undetected 
alterations  in  embryo  health  after  thawing  (Schilling  et  al.,  1979)  or  as  affected 
by  environmental  factors  such  as  heat  stress  (Putney  et  al.,  1988,  1989). 

Mean  plasma  concentrations  of  insulin,  P4,  and  Eg  were  examined  during 
all  stages  of  the  experimental  period  (first  follicular  wave,  induction  of 
superovulation,  and  postbreeding).  Plasma  insulin  concentrations  were  not 
different  during  the  first  follicular  wave  after  estrous  synchronization  (1.13  vs. 
1.07  ng/ml)  and  during  induction  of  superovulation  (1.10  vs.  1.08  ng/ml). 
Nevertheless,  during  the  postbreeding  stage,  insulin  concentrations  were 
greater  (P  = .026)  in  the  HP  group  compared  with  the  AP  group  (1.11  vs.  1.00 
ng/ml).  Period  effect  for  the  same  postbreeding  stage  also  was  different  (P  = 
.002).  Plasma  P4  concentrations  were  unaffected  by  dietary  CP  or  period 
throughout  the  experiment.  Values  for  P4  during  the  first  follicular  wave  were 
similar  to  values  reported  elsewhere  (De  la  Sota  et  al.,  1993;  Savio  et  al.,  1991) 
at  the  same  stage  of  the  estrous  cycle.  Analyses  of  homogeneity  of  regression 
for  treatment  (Figure  3-14)  showed  no  differences  in  P4  concentrations  over 


Table  3-15.  Concentration  of  insulin,  progesterone,  and  estrogen  in  plasma  of  nonlactating  Holstein  cows  at  different 
stages  of  the  synchronization  process  (experimental  period)  as  influenced  by  a adequate  (1 2.3%)  and  high  (27.4%) 
dietary  crude  protein  (CP)  concentration. 

% Dietary  CP  Period 

Stage  of  experimental  period  1 2.3  27.4  Effect,  P= I II Effect,  P = SEM 
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time  during  any  of  the  experimental  phases.  Estrogen  concentrations  during 
superovulation  were  affected  by  dietary  treatments  and  experimental  period 
(Table  3-15).  Cows  consuming  the  AP  diet  tended  to  have  (P  = .06)  lower 
concentrations  of  circulating  Eg  compared  with  cows  fed  the  HP  diet  (12.1  vs. 
16.6  pg/ml).  Period  also  was  different  for  plasma  Eg  concentrations  values, 
being  greater  (P  = .01 ) for  period  I compared  with  period  II  (1 7.8  vs.  1 0.9 
pg/ml).  Changes  in  plasma  Eg  during  the  days  of  superovulation  were  similar 
between  treatments  (Figure  3-14). 

In  general,  period  effect  in  this  particular  experiment  must  be  interpreted 
as  a season  effect.  The  first  experimental  period  was  conducted  during 
summer  months  (June  and  July,  1990)  and  the  second  period  during  winter 
months  (December  and  January,  1991).  Summertime  conditions  have  had 
major  effects  on  reproductive  performance  of  dairy  cows  under  Florida 
subtropical  conditions  (Badinga  et  al.,  1985).  Recently  the  same  group 
evaluated  the  effect  of  heat  stress  on  follicular  steroidogenesis  and  development 
(Badinga  et  al.,  1992).  Authors  concluded  that  summer  heat  stress  may  alter 
the  timing  and  duration  of  follicular  dominance  in  lactating  Holstein  cows. 
Though  animals  used  in  this  experiment  did  not  experience  the  additional  stress 
of  lactation  and  were  housed  in  a barn  equipped  with  fans  to  reduce  heat 
stress,  summer  conditions  may  have  still  altered  follicle  development.  Mean 
numbers  of  follicles  in  class  size  three  were  greater  in  the  winter  both  during  the 
first  follicular  wave  period  (.77  vs.  .66;  P = .CX)5;  Table  3-5)  and  during  the 
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superovulation  period  (6.6  vs.  5.1;  P = .131;  Table  3-6).  The  reverse  was  true 
for  follicles  in  class  size  two  (8.6  vs.  11.5  for  superovulation;  P = .10).  Mean 
numbers  of  follicles  in  class  size  1.  (19.4  vs.  14.9)  and  2 (5.6  vs.  4.1)  during  the 
first  follicular  wave  after  estrous  synchronization  were  greater  in  the  summer 
(Table  3-5).  Furthermore,  during  superovulation  induction  (Table  3-6),  numbers 
of  class  size  2 follicles  tended  to  be  greater  in  summer  compared  with  winter. 

In  addition,  the  percentage  of  anovulatory  and  ovulatory  follicles  differed 
according  to  season.  More  follicles  tended  to  ovulate  in  summer  compared 
with  winter  (82.6  vs.  69.4%;  P = .08;  Table  3-7),  as  a possible  consequence  of 
different  degrees  of  steroidogenic  activity  or  of  dominance  established  by  the 
dominant  follicle  from  the  first  follicular  wave  after  a synchronized  estrous  cycle. 

Timing  of  induction  of  superovulation  during  a follicular  wave,  with  respect  to 

» 

the  presence  of  a DF,  is  a very  important  factor  to  consider  (Guilbault  et  al., 
1991).  Pearson  correlation  analyses  of  these  data  (n  = 22)  showed  a positive 
relationship  between  day  of  emergence  of  the  DF  during  the  first  follicular  wave 
after  estrous  synchronization  with  time  (d)  needed  to  reach  its  maximum 
diameter  (r  = .392;  P = .071),  but  a negative  relationship  with  its  maximum 
diameter  (r  = -.560;  P = .007),  and  superovulatory  responses  such  as  number 
of  follicles  recruited  (r  = -.586;  P = .004),  number  of  follicles  that  ovulated  (r  = 
-.586;  P = .004),  number  of  palpated  corpus  lutea  (r  = -.433;  P = .04),  total 
number  of  embryos  recovered  (r  = -.391;  P = .072),  number  of  transferable 
embryos  (r  = -.419;  P = .052),  and  number  of  normal  embryos  (r  = -.407;  P = 
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.060).  These  data  suggest  that  superovulation  induction  in  the  summer 
occurred  at  a time  when  the  DF  was  in  a stage  of  development  where 
dominance  could  not  be  achieved  completely  and  a larger  pool  of  follicles  were 
susceptible  to  FSH  stimulation.  These  recruited  follicles  grew  in  a less 
restrictive  environment,  and  the  mechanisms  involved  In  follicular  dominance 
were  not  as  effective,  thus  allowing  more  follicles  to  be  metabolically  active  and 
susceptible  to  the  ovulatory  LH  surge,  as  confirmed  by  results  presented  in 
Table  3-7.  This  might  also  explain  why  E2  concentrations  during  superovulation 
were  greater  in  summer  compared  with  winter  (Table  3-15),  if  we  consider  that 
more  metabolically  active  follicles  (ovulatory  follicles)  were  present. 

Failure  to  recover  any  embryos/ova  from  superovulated  cows  might 
closely  be  related  to  the  time  when  the  superovulatory  treatment  was  initiated. 
Savio  et  al.  (1991)  observed  that  the  least  favorable  time  to  initiate  a 
superovulatory  treatment  was  during  the  early  stages  of  a follicular  wave,  when 
dominance  is  being  established  with  suppressive  factors  secreted  in  large 
quantities.  A more  favorable  time  to  induce  superovulation  would  be  during  the 
later  stages  of  the  follicular  wave,  when  the  dominant  follicle  may  be  loosing  its 
suppressive  capabilities.  These  authors  also  reported  that  when  superovulation 
treatment  was  initiated  in  two  cows  from  the  control  group  during  the  early 
stages  of  the  second  follicular  wave,  the  superovulatory  response  was  lower 
compared  with  other  control  cows  superovulated  during  the  first  follicular  wave 
(8  vs.  22  follicles  recruited).  Therefore,  part  of  the  variability  in  superovulatory 
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AP-DIET  — HP-DIET 


Figure  3-14.  Mean  plasma  progesterone  (P4)  and  estrogen  (E2)  concentrations 
during  the  first  follicular  wave  after  synchronized  estrous  (A),  superovulation 
induction  (B),  and  postbreeding  (C)  in  11  nonlactating  Holstein  cows  fed  an 
adequate  (AP;  12.3%)  or  a high  (HP;  27.4%)  crude  protein  diet.  SEM  for  P4  in 
panel  A = .2,  B = .3,  and  C = 1.0;  SEM  for  Eg  = 2.3  in  panel  B. 
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responses  can  be  attributed  to  the  degree  of  activity  of  a DF.  Blanchard  et  al. 

(1 990)  initiated  their  superovulatory  treatment  between  d 8 and  1 2 after  a 
detected  estrus  beyond  d 50  postpartum.  This  source  of  variability  ( 8 to  1 2 d) 
could  become  an  important  factor  if  not  equally  distributed  between  the  two 
experimental  protein  groups.  The  authors  concluded,  however,  that  potentially 
toxic  metabolites  (e.g.  ammonia  and  urea),  hormonal  asynchrony  (low  P4  and 
LH  peaks),  and  increased  expenditures  of  energy  for  metabolite  (e.g.  ammonia) 
detoxification,  may  not  be  mutually  exclusive  as  mechanisms  influencing  fertility 
through  fertilization  failure  and/or  poor  embryonic  development  in  dairy  cows 
fed  excess  ruminal  degradable  protein. 

In  the  lactating  dairy  cow,  a combination  of  several  factors  might 
contribute  more  to  reproductive  problems  than  the  potential  direct  effect 
produced  by  an  increase  in  ammonia/urea  due  to  dietary  protein.  Most  studies 
reporting  detrimental  effects  on  reproduction  of  the  lactating  cow  as  a 
consequence  of  increasing  dietary  crude  protein  content  or  ruminal 
degradability,  could  have  failed  to  considered  a combination  of  protein  intake 
with  other  important  factors  such  as  energy  density  of  the  diet,  protein: energy 
yielding  nutrients  ratio,  energy  status,  general  animal  health,  reproductive 
management,  stress,  environmental  conditions,  and  age  of  the  animals.  Some 
of  these  factors  have  been  already  under  study.  Howard  et  al.  (1987)  refused 
to  measure  any  effect  of  high  protein  intake  on  reproduction  as  influenced  by 
health  problems.  All  unhealthy  cows  that  did  not  respond  to  therapeutic 
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treatment  were  eliminated  from  the  study.  Kaim  et  al.  (1 983)  concluded  that 

conception  rates  were  depressed  only  in  older  cows  which  produced  more  milk 

» 

and  loss  more  BW  compared  with  younger  cows.  Canfield  et  al.  (1990)  studied 
the  effect  of  excess  intake  of  ruminally  degradable  protein  on  postpartum 
reproduction  and  the  proposed  energy  costs  of  ammonia  detoxification  on 
energy  status.  First  service  conception  rate  was  lower  (31  vs.  48%),  and  PUN 
were  higher  in  animals  fed  the  high  protein  diet,  but  the  animals  were  never 
checked  for  reproductive  health.  They  concluded  that  increasing  dietary  CP 
degradability  did  not  affect  daily  energy  status,  days  to  negative  energy  balance 
nadir,  days  to  first  ovulation,  and  days  to  first  service. 

Conclusions 

Concentrations  of  PUN  were  increased  by  increasing  dietary  CP  from 
12.4  to  27.3%  in  nonlactating  Holstein  cows.  Higher  PUN  were  sustained 
throughout  the  day  as  determined  by  sampling  of  blood  postfeeding.  Systemic 
ammonia  concentrations  were  increased  temporarily  and  related  to  feeding 
pattern.  The  HP  diet  failed  to  affect  size  of  the  preovulatory  follicle,  day  of 
emergence  of  the  dominant  follicle,  and  maximum  size  and  growth  rate  of  the 
DF  and  SF  during  the  first  follicular  wave  after  a synchronized  estrus.  During 
induction  of  superovuiation,  follicular  development  and  concentrations  of  insulin 
and  P4  were  unaffected  by  dietary  treatment.  Diet  did  not  affect  quantity  or 
quality  of  embryos  produced  after  superovuiation  induction,  as  determined  by 
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two  different  methods.  Number  and  percentage  of  unfertilized  ova  as  an  index 
of  fertilization  failure  were  not  different  between  the  two  groups. 

Results  of  the  present  experiment  indicate  no  detrimental  effect  of  high 
protein  feeding  on  follicle  response  and  embryo  development  until  day  6.5 
postovulation.  Perhaps,  adverse  effects  of  high  protein  diets  are  manifested  in 
later  stages  of  embryo  development.  Indeed,  Elrod  and  Butler  (1993)  reported 
an  increase  in  embryo  losses  after  17  days  in  heifers  fed  a high  DIP  diet  with 
restricting  energy. 

By  using  nonlactating  Holstein  cows,  the  effect  of  high  dietary  CP 
concentrations  on  several  measurements  of  reproductive  efficiency  were 
isolated  from  other  possible  interacting  factors  such  as  milk  yield,  negative 
energy  balance,  changes  in  DMI,  health  problems,  etc.  However,  these  findings 
do  not  discard  the  possibility  that  concentration  and  ruminal  degradability  of 
dietary  CP  may  exacerbate  one  or  more  nutritional,  metabolic,  or  management 
factors  which  can  result  in  lowered  reproductive  performance  of  lactating  cows. 


CHAPTER  4 

EFFECT  OF  DIETARY  PROTEIN  DEGRADABIUTY  AND  SUPPLEMENTATION 
OF  CALCIUM  SALTS  OF  LONG  CHAIN  FATTY  ACIDS  ON 
PRODUCTIVE  AND  REPRODUCTIVE  PERFORMANCE 

OF  LACTATING  DAIRY  COWS 

Introduction 

With  the  onset  of  lactation,  the  dairy  cow  faces  a copious  production  of 
milk,  a dramatic  physiological  change  characterized  by  an  irreversible  lost  of 
nutrients  due  to  the  metabolic  drive  generated  by  the  mammary  gland  for  milk 
production.  This  is  accompanied  by  a limited  capacity  of  the  cow  to  consume 
enough  feed  to  cover  the  amount  of  nutrients  that  the  mammary  gland 
demands  for  milk  production,  so  nutrients  are  mobilized  by  body  tissues. 
Because  energy  input  is  less  than  energy  output,  the  cow  exists  in  a negative 
energy  state  (NES).  At  this  point,  protein  and  energy  substrates,  whether 
originating  from  the  diet  or  body  stores,  are  utilized  for  body  functions 
according  to  a priority  function,  which  is  controlled  strictly  by  higher  metabolic 
regulators  (Bauman  and  Currie,  1980).  Two  possible  ways  to  alleviate  or 
diminish  the  extent  of  NES  are  1)  to  increase  the  amount  of  feed  consumed  or 
2)  to  increase  the  energy  density  of  the  diet.  Feed  intake,  although  stimulated 
by  increasing  the  protein  concentration  of  the  diet,  is  probably  less  manipulated 
because  of  physical  limitations.  Increasing  the  energy  content  of  the  diet  can 
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be  accomplished  in  two  ways.  Firstly,  increase  the  amount  of  soluble 
carbohydrates  in  the  diet  by  decreasing  the  amount  of  structural  carbohydrates 
(concentrate:forage  ratio).  Concentration  of  forage  must  be  kept  at  a minimum 
to  allow  for  normal  rumination  and  gastrointestinal  tract  function.  Increasing  the 
amount  of  soluble  carbohydrates  in  the  diet  of  dairy  cows  might  increase  the 
risks  of  ruminal  acidosis  and  other  related  diseases  (rumen  stasis,  displaced 
abomasum,  etc.).  Secondly,  replace  soluble  carbohydrates  (grain)  with  fat. 

Incorporating  additional  fat  in  diets  has  increased  the  energy  content  of 
the  diet  (Lucy  et  al.,  1991a;  Carroll  et  al.,  1990;  Grummer,  1988;  Garnsworthy, 
1990),  increased  (Schneider  et  al.,  1988;  Ferguson  et  al.,  1990)  or  left 
unchanged  (Grummer,  1988;  Schauff  and  Clark,  1992)  milk  yield,  decreased 
(Kim  et  al.,  1991;  Erickson  et  al.,  1992)  or  left  unchanged  (Grummer,  1988; 
Garnsworthy,  1990)  milk  protein  concentrations,  improved  (Sklan  et  al.,  1991)  or 
left  unchanged  BW  (Jerred  et  al.,  1990),  and  improved  body  condition 
(Garnsworthy  and  Huggett,  1992).  Fat  supplementation  in  the  form  of  inert  fats 
like  prilled  or  soaps,  have  not  interfered  with  digestion  of  structural 
carbohydrates  (NDF  or  ADF;  Grummer,  1988;  Klusmeyer  et  al.,  1991a).  A 
concern  about  using  supplemental  fats  is  the  possible  reduction  in  feed  intake, 
resulting  in  no  change  in  the  total  energy  consumed  (Grummer,  1988;  Schauff 
and  Clark,  1992;  Jerred  et  al.,  1990). 

Increasing  protein  concentration  of  the  diet  has  increased  feed  intake 
when  in  dietary  concentrations  up  to  18,  19,  or  20%  (Claypool  et  al.,  1980; 
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Macleod  et  al.,  1984;  Roffler  et  al.,  1978;  Van  Horn  and  Jacobson,  1971;  Holler 
et  al.,  1982).  National  Research  Council  (1989)  has  recommended  that  during 
the  first  3 wk  of  lactation,  the  percentage  of  CP  be  increased  to  19%  of  the  diet 
DM,  with  the  concentration  of  ruminally  undegradable  intake  protein  (UIP)  of 
44%  of  the  diet  CP.  Increasing  the  UIP  concentration  in  the  diet  by  using 
animal  byproducts,  has  tended  to  decrease  DM!  (England  et  al.,  1991). 

However,  increasing  the  amount  of  UIP  consumed  during  early  lactation  might 
be  beneficial  to  the  animal  because  It  can  increase  the  amount  of  available  AA 
delivered  to  the  small  intestine,  AA  that  the  animal  needs  for  milk  production 
(Keery  et  al.,  1993).  Furthermore,  increasing  UIP  and  decreasing  ruminally 
degradable  intake  protein  (DIP)  may  result  in  more  energy  available  for  milk 
production  through  an  energy  sparing  effect  via  reduction  of  ammonia 
detoxification.  The  energy  cost  of  feeding  protein  in  excess  of  that  required  for 
maintenance  and  production  has  been  calculated  to  be  7.2  kcal/g  of  digestible 
N in  excess  of  requirements  (Moe  et  al.,  1972),  or  5.45  kcal/g  of  N excreted  as 
urea  in  the  urine  (Blaxter,  1962;  Twigge  and  Van  Gils,  1988). 

High  amounts  of  CP  intake,  specifically  DIP,  have  been  suggested  to 
affect  negatively  reproductive  performance  of  the  dairy  cow.  It  appears  to  affect 
lactating  cows  (Ferguson  et  al.,  1986a,b;  Blanchard  et  al.,  1990;  Canfield  et  al., 
1990)  more  than  nonlactating  cows  (Blauwiekel  et  al.,  1986),  although  the  effect 
has  not  been  consistent  (Howard  et  al.,  1987;  Carroll  et  al.,  1988).  A reduction 
in  fertility  or  increase  in  early  embryonic  death  due  to  local  uterine 
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environmental  conditions,  resulting  in  lower  conception  rates  has  been 
proposed  as  the  primary  cause-effect  (Ferguson  et  al.,  1986b;  Blanchard  et  al., 
1990;  Ferguson  and  Chalupa,  1989;  Jordan  and  Swanson,  1979a).  However, 
changes  in  reproductive  hormone  production  and  concentrations  have  been 
suggested  as  contributing  factors  as  well  (Jordan  and  Swanson,  1979b;  Folman 
et  al.,  1973).  In  some  cases,  limiting  energy  might  be  involved  also  (Ferguson 
et  al.,  1986a).  Although  feeding  fats  has  been  proposed  as  a good 
management  step  toward  increasing  the  energy  density  of  the  diet,  its  impact 
on  reproductive  performance  has  received  less  attention  and  needs  more 
research  on  possible  benefits  to  improved  energy  status,  BW  gain  and  body 
condition  scores. 

The  objective  of  the  present  experiment  was  to  evaluate  the  effect  of 
feeding  diets  of  high  concentrations  of  CP  (20%  DM)  with  different 
concentrations  of  DIP  and  supplemental  fat  as  calcium  salts  of  long-chain  fatty 
acids  (CaLCFA)  on  productive  and  reproductive  performance  of  lactating 
Holstein  cows  during  the  first  120  d postpartum  (PP). 

Materials  and  Methods 

Animals  and  Diets 
Prepartum 

Fifty  dry  pregnant  cows  at  the  University  of  Florida,  Dairy  Research  Unit 
(Hague,  FL)  were  allocated  randomly  in  a free-stall  barn  and  trained  to 
electronic  feed  gates  (Calan  gates,  American  Calan  Inc.,  Northwood,  NH) 
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approximately  3 wk  prior  to  expected  calving  date.  Bams  were  equipped  with 
fans  which  helped  cool  cows  when  environmental  temperature  exceeded  25  *C. 
All  cows  were  fed  the  same  diet  consisting  of  76.5%  forage  and  23.5% 
concentrate  (DM  basis;  Table  4-1).  The  undegradable  protein  sources  fed  were 
the  same  as  those  to  be  fed  during  lactation.  The  diet  was  calculated  to  have  a 
-12.5  cation-anion  difference  (CAD  = mEq  [(Na  + K)  - Cl]/100  g).  Close  to 
parturition,  cows  were  moved  to  a grass  lot  and  monitored  constantly  during 
and  after  calving  to  detect  any  complications  requiring  assistance  and  to 
determine  the  status  of  placental  membranes.  After  calving,  cows  were 
returned  to  the  barn  once  BW  and  body  condition  score  (BCS)  were 
determined.  Cows  calved  between  September  1 and  October  21, 1991.  The 
experiment  ended  on  February  10,  1992. 

Postpartum 

Five  cows  were  eliminated  from  the  trial  just  before  calving  or  during  the 
first  week  postpartum  due  to  causes  unrelated  to  dietary  treatments.  Animals 
used  in  this  experiment  were  multiparous  cows  beginning  their  second  (n  = 

25),  third  (n  = 16),  or  fourth  (n  = 4)  lactation.  Cows  were  assigned  randomly 
to  one  of  four  postpartum  dietary  treatments.  Once  assigned  to  treatment, 
cows  remained  on  that  treatment  during  the  whole  experimental  period  from  d 1 
to  1 20  PP.  Dietary  treatments  were  arranged  in  a factorial  design.  Proportion 
of  dietary  protein  degradable  in  the  rumen  were  formulated  to  both  meet  and 
exceed  NRC  (1989)  recommendations  for  cows  during  wk  1 to  3 PP 
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Table  4-1.  Ingredient  and  chemical  composition  of  diet  fed  to 
prepartum  cows. 

Ingredient  % of  diet  dry  matter 


Com  silage 

37.80 

Peanut  hay 

20.70 

Cottonseed  hulls 

18.00 

Ground  com 

8.80 

Soybean  meal 

3.92 

Protein  mix  (42.1%  CP)’ 

4.95 

Springer  mineral  mix^ 

5.39 

Monofos 

.24 

Dyna-K 

.20 

Total 

100 

Chemical 

Dry  matter,  % 

49.15 

Crude  protein,  % DM 

14.78 

Acid  detergent  fiber,  % DM 

32.70 

Ca,  % DM 

1.92 

P,  % DM 

.37 

Mg,  % DM 

.43 

K,  % DM 

1.35 

S,  % DM 

.24 

NEl,  Mcal/kg 

1.32 

' Contained  (DM  basis):  37.01%  corn  gluten  meal,  9.35%  blood  meed,  6.71%  meat 
and  blood  meal,  6.51  % Menhaden  fish  meal,  9.99%  soy  hulls,  7.91  % calcium 
carbonate,  5.92%  dicalcium  phosphate,  3.27%  potassium  cNoride,  6.10%  sodium 
sesquicarbonate,  3.93%  caicium  sulfate,  2.64%  sodium  chloride,  .3%  niacin  (98%), 
.035  selenium  premix  (.2%),  .072%  manganous  sulfate,  .071%  zinc  sulfate,  .014% 
copper  sulfate,  .01%  vitamin  A premix  (650),  .02%  vitamin  D premix  (20),  .03% 
vitamin  E premix  (227,000),  .001%  E.D.D.I.  (99%). 

‘ Contained  a minimum  (DM  basis)  of:  20%  Ca,  2.25%  NaCI,  3.06%  Mg,  0.927%  S, 
0.0587%  Mn,  0.0107%  Zn,  0.038%  Fe,  0.004%  Cu,  0.0011%  I,  0.0011%  Co, 
0.0007%  Se,  83,318  lU  vitamin  A/kg,  8331  lU  vitamin  Dg/kg,  435  lU  vitamin  E/kg, 
9.10%  ammonium  sulfate  (by  weight),  20.64%  ammonium  chloride  (by  weight). 
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(approximately  54  and  72%  of  dietary  CP  concentration).  Soybean  meal  and 
urea  were  the  N sources  for  the  72%  DIP  diets,  whereas  a combination  of  corn 
gluten  meal,  fish  meal,  blood  meal,  and  meat  and  bone  meal  were  the  protein 
sources  for  the  54%  DIP  diets.  Two  concentrations  of  added  fat  (0  or  2.2%  of 
diet  DM)  made  up  the  other  main  factor.  Fat  was  supplemented  as  CaLCFA 
(Megalac*;  Church  and  Dwight  Co.,  Inc,  Princeton,  NJ).  Megalac*  is 
composed  of  80%  Ca  salts  of  fatty  acids  from  palm  oil.  Diets  were  composed 
of  corn  silage,  alfalfa  hay,  and  concentrate  in  a 34:12:53  ratio  (DM  basis;  Table 
4-2).  Feedstuffs  were  mixed  in  a weighing  and  mixing  unit  (American  Calan 
Inc.,  Northwood,  NH)  just  prior  to  each  feeding.  Dietary  treatments  were 
offered  twice  daily  (0900  and  1300  h)  as  a TMR  in  amounts  to  ensure  at  least  a 
10%  weighback  (as-fed  basis).  Dry  matter  intake  (DMI)  was  calculated  daily  as 
the  difference  between  feed  offered  and  feed  refused.  Corn  silage,  alfalfa  hay, 
whole  cttonseeds  and  concentrates  were  sampled  weekly  and  DM  (55  *C  for  48 
h)  was  determined  in  order  to  maintain  the  designated  forage  to  concentrate 
ratio  throughout  the  experiment. 

Chemical  composition  of  diet  was  determined  monthly  on  samples 
composited  weekly.  Samples  were  ground  through  a 2-mm  screen  using  a 
Wiley  mill  (Arthur  H.  Thomas,  Philadelphia,  PA).  Concentrates  and  forages 
were  analyzed  for  DM,  CM,  CP,  and  EE  (AOAC,  1990).  Forages  were  analyzed 
for  ADF  (Goering  and  Van  Soest,  1970)  and  ash-free  NDF  (Robertson  and  Van 
Soest,  1977).  A heat-stable  alpha-amylase  enzyme  (A-3306,  Sigma  Chemical 
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Table  4-2.  Ingredient  composition  of  experimental  diets  differing  in 
concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or 
2.2%  calcium  salts  of  long-chain  fatty  acids)  fed  to  lactating  Holstein  cows. 


Ingredient 

55%  DIP 

76%  DIP 

0%  Fat 

2.2%  Fat 

0%  Fat 

2.2%  Fat 

% DM 

% DM 

Corn  silage 

34.22 

34.23 

34.22 

34.22 

Alfalfa  hay 

13.55 

13.55 

12.25 

12.25 

Whole  cottonseed 

7.65 

7.65 

8.50 

8.50 

Ground  corn 

27.83 

25.60 

27.63 

25.41 

Soybean  meal 

- 

- 

12.75 

12.75 

Corn  gluten  meal 

6.10 

6.10 

- 

- 

Fish  meal 

2.56 

2.56 

- 

- 

Blood  meal 

2.56 

2.56 

- 

- 

Meat  and  bone  meal 

2.53 

2.53 

- 

- 

Megalac* 

- 

2.22 

- 

2.22 

Urea 

- 

- 

.93 

.93 

Sodium  bicarbonate 

.93 

.93 

.93 

.93 

Trace  mineral  salt’ 

.60 

.60 

.54 

.54 

Magnesium  oxide 

.22 

.22 

.22 

.22 

Mineral  premix^ 

.22 

.22 

.44 

.44 

Ammonium  sulfate 

.25 

.25 

.33 

.33 

Dynafos 

- 

- 

1.20 

1.20 

Monofos 

.22 

.22 

- 

- 

Dyna-K 

.56 

.56 

.06 

.06 

Total 

100 

100 

100 

100 

’ Contained  (DM  basis):  30%  Ca,  7%  P,  .25%  Mn,  .12%  Cu,  .3%  Zn,  .0012% 
Se.  660,000  lU/kg  vitamin  A,  28,600  lU/kg  vitamin  Dg,  1,100  lU/kg  vitamin 
E. 

^ Contained  a minimum  (DM  basis)  of:  40%  Na,  55%  Cl,  .25%  Mn,  .2%  Fe, 
.033%  Cu,  .007%  I,  .005%  Zn,  and  .0025%  Co. 
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Co.,  St.  Louis,  MO)  was  used  for  NDF  determinations.  Concentrations  of  NDF 
and  ADF  for  concentrates  were  taken  from  published  tables  (NRC,  1989). 

Cows  were  milked  twice  daily  (0400  and  1 530  h)  and  milk  yield  was  recorded 
automatically  at  each  milking  time.  Milk  composition  (fat  and  protein)  was 
determined  weekly  on  consecutive  morning  and  afternoon  samples  by  DHI 
Laboratory  (Raleigh,  NC).  Milk  yield  and  DMI  were  measured  daily  for  110  d 
PP. 

Body  weight  and  BCS  on  a scale  of  1 to  5 (1  = thin,  5 = fat)  were 
determined  on  the  same  day  each  week  after  the  morning  milking  by  the  same 
technician. 

Blood  Samples 

Blood  (10  ml)  was  collected  via  coccygeal  venipuncture  into  heparinized 
tubes,  three  times  weekly  (Monday,  Wednesday,  and  Friday)  from  calving  until 
diagnosed  pregnant  or  until  1 20  d PP.  Blood  samples  were  taken  following  the 
afternoon  milking.  Samples  were  placed  immediately  in  ice  and  centrifuged  at 
3000  X g for  30  min.  Plasma  was  harvested  and  stored  at  -20  *C  until  assayed 
(weekly)  for  plasma  urea-N  (PUN;  wk  1 to  16),  ammonia-N  (PNH3;  wk  1 to  16), 
nonesterified  fatty  acids  (NEFA;  wk  1 to  7),  high  density  lipoprotein-cholesterol 
(HDL-CHOL;  wk  1 to  10),  and  insulin  (wk  1 to  16).  Progesterone  (PJ  was 
determined  in  all  samples.  Plasma  ammonia  was  determined  (within  24  h of 
collection)  on  weekly  plasma  samples  by  a modified  procedure  of  Marbach  and 
Chaney  (1 963)  using  concentrated  reagents.  Samples  and  standards  were  first 
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deproteinized  with  sodium  tungstate  (10%  w/v)  and  IN  H2SO4  in  a 1:1:1  ratio, 
and  centrifuged  at  3000  x g for  10  min  (Okuda  et  ai.,  1965;  McCullough,  1967). 
Next,  100  /xl  of  the  supernatant  was  mixed  with  1 ml  of  each  of  the  phenol- 
hypochlorite  concentrated  reagents  and  incubated  for  at  least  35  min  in  a water 
bath  set  at  37  *C.  After  incubation,  5 ml  of  distilled  water  was  added,  covered 
with  parafilm,  vortexed,  and  read  at  625  nm  in  a spectrophotometer  (Novaspec 
4049  LKB  Biochrom,  England)  at  room  temperature.  Plasma  urea-N  was 
determined  also  within  24  h of  collection  using  a commercial  kit  (Procedure 
number  640,  Sigma  Chemical  Co.,  St.  Louis,  MO).  Commercial  kits  also  were 
used  to  determine  NEFA  (modified  NEFA-C  procedure,  WAKO  Chemicals  USA, 
Inc.,  Dallas,  TX)  and  HDL-CHOL  (procedure  number  352  and  352-4,  Sigma 
Chemical,  Co.,  St.  Louis,  MO)  concentrations.  Plasma  progesterone  (P4; 
Knickerbocker  et  al.,  1986)  and  insulin  (Badinga  et  al.,  1991)  concentrations 
were  determined  by  radioimmunoassay.  Intraassay  and  interassay  coefficients 
of  variation  were  10.6  and  10.3%  for  plasma  P4,  and  7.2  and  8.1%  for  insulin. 
Apparent  Digestibility 

In  order  to  have  a better  estimate  of  individual  feed  utilization,  apparent 
digestibility  was  determined  for  all  cows  (63  ± 8 d PP).  Cows  were  dosed,  via 
balling  gun,  with  gelatin  capsules  containing  1 0 g of  CrgOg.  Dosing  occurred 
after  each  milking  for  a 10-d  period.  During  the  last  5 d,  fecal  grab  samples 
were  collected  at  the  time  of  dosing  and  stored  at  -20 *C.  Upon  thawing, 
samples  were  composited  on  a wet  basis.  Fecal  samples  were  dried,  ground. 
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and  analyzed  for  DM,  OM,  CP,  EE,  NDF,  and  ADF.  In  addition,  Cr  was 
determined  according  to  Williams  et  al.  (1962).  Apparent  digestibility  of  DM, 

OM,  CP,  EE,  NDF,  and  ADF  were  calculated  by  the  marker  ratio  technique 
(Schneider  and  Flatt,  1975).  Total  digestible  nutrients  (TON)  was  calculated 
based  on  the  digestibility  coefficients  and  substituting  ADF  for  crude  fiber. 
Energy  density  (NEL)  of  the  feed  was  calculated  from  TDN  (%)  for  each  cow  by 
using  the  following  equation  (Moe  et  al.,  1972): 

NEL  (Mcal/kg)  = TDN  x .0266  - .12 

These  calculated  NEL  values  were  used  to  help  determine  net  energy  intake 
(NEI)  and  calculate  weekly  energy  status,  using  the  equation  (NRC,  1989): 
Energy  status  = NEI  - NEM  - NEL 

where 

NEI  (Mcal/d)  = DMI  (kg/d)  x NEL  of  feed  (Mcal/kg), 

NEM  (Mcal/d)  = BW  (kg)-^®  x .08  Mcal/kg  BW,  and 
NEL  of  milk  (Mcal/d)  = milk  yield  (kg/d)  x (.3512  + [.0962  x % milk  fat]). 
Energy  status  was  calculated  also  by  correcting  for  BW  change  (ESBWC)  as 
follows: 

ESBWC  = NEI  - NEM  - NEL  of  milk  + (BWC  x 6 x .18) 
where  each  kg  of  BW  mobilized  is  equal  to  6 Meal  which  is  utilized  for  milk 
production  with  an  inefficiency  of  18%. 
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Determination  of  Dietary  DIP  Concentrations 

Ail  feedstuffs  utilized  during  the  experiment  were  incubated  in  situ  in 
order  to  estimate  better  the  ruminaily  degradable  and  undegradable  protein 
fractions.  Dried  feed  samples  (55  *C  for  48  h)  were  ground  through  a 2-mm 
sieve,  weighed  (2.5  g DM),  and  deposited  in  tared  hot  weight  nylon  bags  (8  x 
15.5  cm,  pore  size  of  45  to  57  n)  in  duplicate.  Bags  were  tied  closed  with  nylon 
string,  tied  to  a metal  chain,  and  deposited  in  the  ventral  sac  of  a ruminaily 
fistulated,  nonlactating  Holstein  cow.  Diet  of  the  fistulated  cow  consisted  of 
bermudagrass  hay,  alfalfa  hay,  and  a concentrate  mix  offered  in  a 50:50  forage 
to  concentrate  ratio  (DM  basis).  Dry  matter  and  CP  disappearance  were 
determined  at  0,  8,  1 6,  and  24  h. . Bags  were  inserted  into  the  rumen  over  time 
and  removed  together  when  incubation  time  was  completed.  Immediately  after 
removal,  bags  were  placed  in  ice  water  to  help  remove  bacteria  (Dehority  and 
Grubb,  1980),  then  washed  with  water  only  in  a commercial  washing  machine 
through  a full  cycle.  After  washing,  bags  were  dried  for  48  h at  55*  C and 
weighed  hot  to  calculate  DM  residue.  Amount  of  CP  (N  x 6.25)  was  determined 
by  digesting  the  bags  plus  residues  using  the  Kjelhdal  procedure  (AOAC,  1990). 
Degradabilities  of  N at  8 h were  used  to  calculate  total  DIP  concentration  of 
diets. 

At  the  conclusion  of  the  experiment,  CP  degradabilities  were  determined 

* 

using  TMR  samples.  Bags  were  incubated  for  0,  4,  8,  16,  and  24  h and 
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processed  as  described  previously.  Lag  times  and  rates  of  digestion  of  DM 
and  N were  computed  with  the  equation: 

R = Doe-*^**-^  + U 

when  t > L and  R = Dq  + U when  0 < t < L,  where 

R = DM  or  N residue  (at  t - time  after  incubation), 

Dq  = slowly  digestible  fraction  (at  t ^ L,  Dq  = R - U), 

K = digestion  rate  constant, 

L = discrete  lag  time,  and 

U = indigestible  fraction  at  24  h of  in  situ  incubation. 

The  nonlinear  models  procedure  of  SAS  (1 988)  was  utilized  to  estimate 
discrete  lag  times  and  rate  constants  of  digestion  by  using  Marquardt’s  method. 
Reproductive  Management 
Rectal  Palpation 

Beginning  7 d PP,  size  of  the  uterine  horns  and  cervix  and  presence  of 
ovarian  structures  (follicles  and  corpora  lutea;  CL)  were  determined  weekly  by 
rectal  palpation  by  the  same  veterinarian  until  time  of  estrous  synchronization 
(approximately  60  d PP).  Cervix  diameter  (mm),  diameter  of  each  uterine  horn 
at  the  external  bifurcation  (mm),  ovarian  volume  (length  x width  x height  of  each 
ovary;  mm®),  and  diameter  (mm)  of  palpable  follicles  and  CL  on  each  ovary 
were  recorded.  All  follicular  structures  ^ 25  mm  in  diameter  that  persisted  for  at 
least  1 0 d in  the  absence  of  a CL  were  classified  as  ovarian  cysts  (Kesler  and 
Garverick,  1982).  Furthermore,  ovarian  cysts  were  classified  as  follicular  cyst  if 
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thin-walled  and  plasma  concentration  was  about  .5  ng/ml,  or  luteal  cyst  if 
thick-walled  and  plasma  P4  concentration  was  < 2 ng/ml. 

The  previously  gravid  uterine  horn  was  identified  from  records  of 
pregnancy  determined  between  40  and  60  d of  gestation,  and  confirmed  by 
difference  in  the  diameter  of  the  uterine  horns  at  the  first  rectal  examination  after 
parturition.  Pregnancy  during  this  experiment  was  confirmed  after  40  d of  Al 
without  return  to  estrus  by  rectal  palpation  and  ultrasonography. 

Estrous  Synchronization  and  Al 

Cows  which  calved  within  a 7-d  period  of  each  other  were  considered  a 
group.  Each  group  of  cows  was  subjected  to  a synchronization  protocol  when 
they  reached  between  50  and  57  d PP.  At  this  time,  8 ng  of  Buserelin 
(Receptal* ; Hoechst-Roussel  Agri-Vet  Co,  Somerville,  N J),  a GnRH-agonist,  was 
injected  i.m.  in  a single  dose.  Seven  d after  buserelin  injection,  25  mg  of 
prostaglandin  p2a  (PGF  tham  salt,  Lutalyse*,  Upjohn  Co.,  Kalamazoo,  Ml)  was 
injected  i.m.  in  a single  dose.  At  this  time,  a combination  of  tail-paint  and  chalk 
was  used  to  help  in  estrus  detection  by  determining  overnight  activity  based  on 
integrity  of  the  chalk  and  paint  (MacMillan  et  al.,  1988).  In  addition,  all  cows 
were  placed  in  a sand  lot  and  observed  for  estrous  detection  for  at  least  an 
hour  after  each  milking. 

Six  to  8 h after  a cow  was  determined  to  be  in  standing  heat,  Al  was 
performed  by  the  same  technician  using  semen  from  a single  high  fertility  bull 
and  batch  (bull  code  number  and  name:  29H4397  SHOGUN).  This  estrus 
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detection  procedure  was  continued  until  a cow  was  diagnosed  pregnant  or  until 
the  end  of  the  experimental  period.  Cows  were  not  bred  after  1 20  d PP.  Cows 
which  were  bred  between  110  and  120  d PP  were  fed  experimental  diets  until 
confirmed  pregnant  or  open  to  that  Al.  All  cows  received  between  one  and  two 
Al.  Two  cows  in  the  55DIP  treatment  were  not  serviced  because  they  never 
cycled,  therefore  they  were  not  included  in  the  service  per  conception  and 
estrous  detection  data. 

Reproductive  Data 

All  palpation  data  (excluding  uterine  horns  and  cervix  measurements) 
were  accumulated  in  time  before  being  analyzed  for  homogeneity  of  regression 
(Wilcox  et  al.,  1990). 

Basal  P4  concentration  (1 .07  ng/ml)  was  the  mean  plasma  P4 
concentration  of  all  cows  during  the  early  anovulatory  period  (d  3 to  12  PP). 
Day  of  first  luteal  phase  PP  was  determined  as  the  time  when  plasma  P4 
concentration  was  above  1 ng/ml  for  at  least  two  consecutive  sampling  days. 
Length  of  the  first  luteal  phase  was  the  number  of  days  that  plasma  P4  was 
maintained  above  1 ng/ml.  Peak  P4  concentration  (ng/ml)  was  the  maximum 
P4  during  a luteal  phase.  Area  under  the  curve  was  calculated  based  on 
accumulated  P4  concentration  over  time  PP  (unadjusted  by  treatment)  for  each 
cow  by  fitting  a fifth  order  polynomial  equation  curve,  and  analyzed  by  periods 
as  depicted  in  Figure  4-1 . 
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PERIOD 


1 


GnRH  PGFa, 
agonist 

PERIOD  II 


PERIOD  III 


DAY  POSTPARTUM 


Figure  4-1 . Division  of  experiment  into  three  periods  to  evaluate  the  effects  of 
degradable  intake  protein  (DIP)  and  calcium  salts  of  long-chain  fatty  acids 
(CaLCFA)  supplementation  on  postpartum  progesterone  concentrations  of 
lactating  Holstein  cows. 


Response  to  synchronization  was  considered  affirmative  if  a cow 
presented  visual  signs  of  estrus  within  5 d of  PGFja  injection. 

Only  cows  inseminated  during  the  experiment  were  included  in  the 
statistical  analyses  of  reproductive  data  coiiected  after  the  synchronization 
period  (Period  III).  Cows  which  faiied  to  conceive  as  determined  by 
ultrasonography  and  rectal  palpation  were  considered  open.  Services  per 
conception  included  only  cows  confirmed  pregnant. 

Ultrasonography 

Ultrasonography  was  used  to  reconfirm  the  presence  of  any  abnormal 
ovarian  structure  (i.e.  cysts)  as  determined  by  rectal  palpation  (Farin  et  al., 
1990),  and  as  a tool  for  early  diagnosis  of  pregnancy  (25  to  30  d post  Al). 
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During  the  initial  synchronization  period  (e.g  time  of  GnRH  agonist 
injection;  50  to  57  d PP),  cows  were  examined  by  transrectal  ultrasonography 
(Equisonics  300A  linear-array  ultrasound  scanner  equipped  with  a 7.5  MHertz 
transducer;  Tokyo  Keiki  Co.  Ltd.,  Tokyo,  Japan)  to  determine  the  number  and 
diameter  of  follicles  and  presence  of  any  other  significant  ovarian  structures  (i.e. 
CL).  Individual  ovarian  maps  were  drawn  based  on  ultrasonography  findings 
(Savio  et  al.,  1988;  Sirois  and  Fortune,  1988). 

Health  Program 

Cows  were  treated  for  any  infectious  disease  (mastitis,  metritis, 
pneumonia,  pododermatitis,  etc.)  as  needed  with  commonly  used  antibiotics  as 
recommended  by  the  veterinarian  in  charge.  Pyometra  was  treated  with  a 
single  PGFga  dose  (25  mg  i.m.).  Any  large  or  luteinized  follicles  or  any 
persistent  CL  were  not  treated  to  correct  them  specifically  until  the  time  when  ail 
cows  underwent  synchronization. 

Statistical  Analyses 

Data  were  analyzed  by  least  squares  analysis  of  variance  using  the 
general  linear  models  procedure  (GLM)  of  SAS  (1990).  The  linear  model  used 
in  the  analyses  of  palpation  data,  production  responses,  and  plasma  hormones 
and  metabolites  contained  treatment,  cow  within  treatment,  time  PP  (week),  and 
treatment  by  time  PP  interaction.  Cow  within  treatment  was  used  as  the  error 
term  to  test  the  dietary  treatment  effects.  Remaining  terms  were  tested  using 
residual  error.  Single  degree  of  freedom  orthogonal  contrasts  were  used  to 
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determine  differences  between  the  main  effects  of  protein  degradability,  fat 
supplementation,  and  their  interaction. 

Tests  of  homogeneity  of  regression  were  performed  to  compare  changes 
in  the  variables  over  time,  by  fitting  a single  polynomial  regression  curve  and 
testing  the  gain  in  fit  (difference)  from  fitting  Individual  regressions  for  each  of 
the  treatments  as  described  by  Wilcox  et  al.  (1990).  The  model  Included  the 
effects  of  treatment,  cow  within  treatment,  time  PP  (day  or  week),  and  the 
interactions  of  treatment  by  time  PP.  For  analyses  of  the  palpation  data,  the 
model  also  included  the  effects  of  status  of  the  uterine  horn  based  on  previous 
gestation  (gravid  or  nongravid),  time  PP,  and  the  interactions  of  treatment  by 
uterine  horn  status,  treatment  by  time  PP,  uterine  horn  status  by  time  PP,  and 
treatment  by  uterine  horn  status  by  time  PP. 

Response  to  synchronization,  conception  rate,  and  pregnancy  rate  data 
were  analyzed  using  the  categorical  models  procedure  (CATMOD)  of  SAS 
(1988). 

Results  and  Discussion 

Diet  CompQsitiQn 

Values  for  DIP  calculated  from  individual  feedstuffs  and  TMR  were  similar 
(52.9  vs.  54.6  and  72.6  vs.  75.7%  for  the  low  and  high  DIP  diets;  Table  4-3). 
Values  generated  by  the  regression  equation  based  on  TMR  digestion  were 
considered  a more  accurate  description  of  the  experimental  diets  to  compare 
with  that  obtained  from  a single  incubation  time  (8  h).  Therefore,  DIP  values  of 
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55  and  76%  of  the  CP  were  used  to  describe  the  dietary  treatments.  Good 
agreement  between  DIP  content  of  a diet  based  on  in  situ  degradabilities  of 
individual  or  combined  feedstuffs  has  been  reported  previously  (Murphy  and 
Kennelly,  1987;  Stallings  et  al.,  1991),  although  discrepancies  have  been 
reported  as  well  (Erdman  and  Vandersall,  1983;  Calsamiglia  et  al.,  1992; 
Seymour  et  al.,  1992).  Calsamiglia  et  al.  (1992)  concluded  that  a possible 
cause  for  those  differences  might  result  from  the  interactive  scale  of  the  different 
ingredients  and  the  magnitude  of  their  associative  effects  during  digestion. 

Chemical  composition  of  experimental  diets  (Table  4-3)  were  very  similar, 
differing  only  in  degradable  protein  content  and  the  concentration  of  fatty  acids 
as  determined  by  ether  extract.  Replacing  soybean  meal  and  urea  with 
byproduct  protein  sources  reduced  the  concentration  of  DIP  from  76%  to  55% 
of  dietary  CP.  Addition  of  CaLCFA  increased  fat  content  1 .6  and  1 .9 
percentage  units  when  added  to  the  76D1P  and  55DIP  diets,  respectively 
compared  with  an  expected  increase  of  1 .8  percentage  units.  The  small 
difference  in  EE  content  between  the  0%  CaLCFA  diets  may  be  due  to  the 
contribution  of  fat  from  the  byproduct  mix,  mainly  from  fish  meal. 

Dry  Matter  Intake.  Milk  Production  and  Milk  Composition 

Mean  DM  I expressed  in  kg/d  was  unaffected  by  dietary  treatments 
(Table  4-4).  However,  mean  DMI  expressed  as  a percent  of  BW,  was 
depressed  (P  = .039)  when  diets  containing  the  animal  byproducts  mix  were 
fed  (3.33  vs.  3.61%).  This  negative  effect  on  feed  consumption  has  been 
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Table  4-3.  Chemical  composition  of  experimental  diets  differing  in 
concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or 
2.2%  calcium  salts  of  long-chain  fatty  acids)  fed  to  lactating  Holstein  cows. 


55%  DIP 

76%  DIP 

Chemical 

0%  Fat 

2.2%  Fat 

0%  Fat 

2.2%  Fat 

Dry  matter 

51.1 

51.2 

51.1 

51.2 

Organic  matter,  % DM 

92.3 

91.7 

93.0 

92.5 

Crude  protein,  % DM 

20.3 

20.8 

20.7 

20.7 

Degradable  intake 
protein,  % CP’ 

52.9 

52.7 

72.6 

72.8 

Degradable  intake 
protein,  % CP^ 

54.6 

ND® 

75.7 

ND 

Acid  detergent 
fiber,  % DM 

20.8 

20.8 

20.7 

20.7 

Neutral  detergent 
fiber,  % DM 

32.7 

• 

32.7 

32.5 

32.4 

Ether  extract,  % DM 

4.77 

6.65 

4.62 

6.20 

Nitrogen  free 
extract,  % DM 

46.4 

44.7 

47.0 

46.1 

Ca,  % DM 

.88 

1.11 

.73 

.98 

P,  % DM 

.55 

.58 

.53 

.59 

Mg,  % DM 

.29 

.28 

.31 

.31 

K,  % DM 

1.31 

1.34 

1.37 

1.31 

S,  % DM 

.25 

.25 

.25 

.25 

Mn,  ppm  DM 

46 

45 

49 

48 

Cu,  ppm  DM 

14 

14 

16 

14 

Fe,  ppm  DM 

390 

388 

383 

424 

Zn,  ppm  DM 

56 

52 

58 

58 

^ Calculated  from  in  situ  degradabilities  of  individual  feedstuffs. 
^ Calculated  from  in  situ  degradabilities  of  totally  mixed  diets. 

^ Not  determined. 
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reported  previously  when  animal  byproducts  (mainly  fish  meal,  meat  and  bone 
meal,  blood  meal,  or  feather  meal)  were  incorporated  into  diets  for  dairy  animals 
(Mantysaari  et  al.,  1989;  England  et  al.,  1991;  Swartz  et  al.,  1991;  WindschitI  et 
al.,  1991). 

Inclusion  of  CaLCFA  in  the  diet  did  not  depress  DMI  in  our  study  (3.46 
vs.  3.48%  of  BW).  This  agrees  with  the  large  majority  of  other  studies  in  which 
CaLCFA  were  fed.  However,  some  have  reported  depressions  in  DMI  of  diets 
containing  CaLCFA  by  dairy  cows  (Andrew  et  al.,  1991;  Klusmeyer  et  al., 

1991b;  Schauff  et  al.,  1992b;  Schauff  and  Clark,  1992).  Megalac*  has  the 
aroma  of  soap/perfume  which  may  reduce  animal  acceptability. 

Daily  DMI  was  plotted  over  the  experimental  period  and  analyzed  using 
homogeneity  of  regression.  Feed  intake  ranged  from  7 to  10.5  kg/d 
immediately  PP  and  gradually  increased  thereafter,  peaking  approximately  7 wk 
PP  for  three  of  the  four  diets  (Figure  4-2).  Cows  consuming  76DIP  diet  had  a 
slower  increase  in  DMI  during  the  first  50  d PP.  However,  addition  of  fat  to  this 
diet  stimulated  rate  of  DMI  (DIP  x Fat  interaction;  P = .0005)  during  this  period. 
Mean  peak  DMI  for  all  diets  was  22  to  23  kg/d.  Cows  fed  76  DIP  diets 
consumed  less  feed  the  first  8 wk  PP  but  more  feed  thereafter  compared  with 
cows  fed  55  DIP  diets  (DIP  effect;  P = .0001).  Nianogo  et  al.  (1991)  observed 
that  DMI  for  the  first  5 wk  PP  was  greater  by  cows  consuming  a low  DIP  diet 
based  on  heated  SBM  and  corn  gluten  meal  compared  with  control  cows 
receiving  only  solvent-extracted  SBM. 


Table  4-4.  Least  squares  means  for  dry  matter  intake  (DMI),  milk  yield  (MY)  and  milk  composition  and  yield  of  milk 
components  of  lactating  Holstein  cows  fed  diets  differing  in  concentrations  of  degradable  intake  protein  (DIP)  and 
supplemental  fat  (0  or  2.2%  calcium  salts  of  long-chain  fatty  acids). 

55%  DIP  76%  DIP  Orthogonal  contrasts 
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Diets  containing  supplemental  fat  did  not  support  increased  mean  milk 
production  (27.8  vs.  26.3  kg/d;  Table  4-4).  Of  29  experiments  (Table  2-1  and 
2-2)  feeding  Megalac*  to  lactating  dairy  cows,  13  studies  reported  improved 
milk  production  (32.6  vs.  30.9  kg/d).  This  increase  is  similar  to  the  1 .5  kg/d 
nonsignificant  increase  observed  in  the  present  study.  Depressed  DMI  due  to 
CaLCFA  may  help  explain  why  milk  yield  was  not  improved  in  some  studies 
(Schauff  et  al.,  1992)  but  others  have  reported  increases  in  milk  production 
despite  depressed  DMI  (Andrew  et  al.,  1991;  Wusmeyer  et  al.,  1992b). 

Although  mean  milk  production  was  unaffected  by  diet,  pattern  of  milk 
yield  was  affected  when  lactation  curves  were  compared.  Some  have  thought 
that  the  use  of  switchback  trials  rather  than  continuous  trials  have  prevented 
detection  of  positive  responses  to  feeding  of  fat.  Data  from  this  trial  may 
support  this  contention.  Milk  production  climbed  steadily  until  peaking  at 
approximately  10  wk  PP  (Figure  4-3).  The  lactation  curve  for  cows  fed  55DIP 
diets  moved  above  that  for  cows  fed  76DIP  diets  starting  about  2 wk  PP  and 
continued  to  be  greater  (maximum  of  2.5  kg/d)  until  about  10  wk  PP  when 
production  became  similar  again  (P  = .0001;  Figure  4-3A). 

Dhiman  and  Satter  (1991)  fed  multiparous  cows  from  wk  4 to  15  PP  a 
basal  diet  to  which  ground  corn  was  replaced  by  a protein  mix  (6%  fish  meal 
and  2.1%  blood  meal),  additional  fat  (5%  prilled  fat),  or  a combination  of  both 
(protein  mix  plus  fat).  A production  response  to  protein,  and  the  relative  iack  of 
response  to  energy  supplements,  suggested  that  protein  and  not  energy  was 
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55DIP  + 0%  CaLCFA  -e-  76DIP  + 0%  CaLCFA 


55DIP  + 2.2%  CaLCFA  -e-  76DIP  + 2.2%  CaLCFA 


Figure  4-2.  Polynomial  regression  curves  (5th  order)  for  dry  matter  intake  by 
lactating  Holstein  cows  fed  diets  containing  55  or  76%  degradable  intake 
protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA). 

P = .0001  for  DIP  effect  and  P = .0005  for  DIP  by  CaLCFA  interaction.  SEM  = .5 
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first  limiting  for  milk  production.  Dry  matter  intake  was  increased  (P  < .05) 
when  protein  but  not  when  fat  was  supplemented  to  the  diets. 

Milk  production  was  similar  between  cows  fed  0 or  2.2%  CaLCFA  until 
about  3 wk  PP  at  which  time  cows  fed  CaLCFA  demonstrated  greater 
persistency  for  the  remainder  of  the  study  (P  = .0001;  Figure  4-3B).  Cows  fed 
CaLCFA  produced  approximately  2 kg/d  more  milk  after  3 wk  PP  compared 
with  controls. 

A delayed  response  of  milk  production  to  fat  supplementation  has  been 
reported  earlier.  Jerred  et  al.  (1990)  observed  that  cows  receiving  5%  prilled  fat 
did  not  respond  until  wk  6 and  actually  produced  less  milk  during  the  first  3 wk 
PP  compared  with  cows  not  supplemented  with  fat.  Hermansen  (1990)  also 
found  that  cows  supplemented  with  1 kg/d  of  calcium  soaps  of  fatty  acids 
demonstrated  better  production  persistency.  Shaver  (1990)  summarized  data 
from  several  continuous  lactation  experiments  and  proposed  that  the  4 to  5 wk 
delay  in  response  to  fat  supplementation  in  early  lactation  is  apparently  a 
consequence  of  metabolic  physiology  in  early  lactation,  since  numerous  14  to 
21 -d  reversal  trials  with  mid-  to  late  lactation  cows  reported  increases  in  FCM 
yield  in  response  to  fat  supplementation.  Based  on  the  reported  lack  of 
response  in  early  lactation,  Palmquist  and  Eastridge  (1990)  suggested  that  fat 
supplementation  should  be  minimal  or  withheld  during  the  first  5 to  6 wk  of 
lactation.  He  suggested  that  when  additional  dietary  fat  is  provided  during  that 
period  of  rapid  adipose  tissue  mobilization,  the  cow  will  decrease  feed  intake  to 
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t 

55DIP  -o-  76DIP 


0%  CaLCFA  -e-  2.2%  CaLCFA 


Figure  4-3.  Polynomial  regression  curves  (5th  order)  for  milk  yield  by  lactating 
Holstein  cows  fed  diets  containing  55  or  76%  degradable  intake  protein  (DIP) 
and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA).  P = .0001  for 
DIP  effect  and  P = .0001  for  CaLCFA  effect.  SEM  = .9. 
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regulate  plasma  fatty  acid  concentrations,  which  in  turn  will  result  in  limited 
protein  consumption.  By  increasing  circulating  concentrations  of  triglycerides 
and  NEFA  through  the  supplementation  of  fat  in  early  lactation,  the  mobilization 
of  adipose  tissue  may  be  discouraged  and  the  homeorhetic  mechanisms  for 
gearing  the  cow  toward  lactation  may  be  compromised. 

What  is  clear  in  the  present  experiment  is  that  during  early  lactation,  DM  I 
and  milk  production  tended  to  be  sensitive  to  energy  supplementation  in  the 
form  of  fat,  with  the  effect  of  fat  on  DMI  depending  upon  protein  degradability  of 
the  diet. 

Mean  concentration  of  milk  fat  was  not  affected  by  DIP  concentration  of 
diets.  Feeding  of  fat  in  the  form  of  CaLCFA  did  not  change  milk  fat  content 
either  (3.64  vs.  3.67%;  Table  4-4).  Several  workers  have  reported  greater  milk 
fat  percentages  from  cows  fed  Megalac*  (Schneider  et  al.,  1988;  West  and  Hill, 
1990;  Sklan  et  al.,  1991;  Klusmeyer  et  al.,  1992a,b;  Schauff  and  Clark,  1992; 
Sklan  et  al.,  1992;  Kim  et  al.,  1993).  This  increase  in  milk  fat  concentration 
resulted  in  increased  production  of  FCM  when  production  of  uncorrected  milk 
was  not  different  (Sklan  et  al.,  1989;  West  and  Hill,  1990;  Schauff  and  Clark, 
1992).  Production  of  FCM  in  the  present  study  was  not  different  among 
treatments. 

Pattern  of  milk  fat  production  were  not  affected  by  treatment  and  curves 


are  not  presented. 
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No  differences  in  milk  protein  content  or  yield  were  observed  (Table  4-4). 
Similar  results  for  milk  protein  concentration  have  been  observed  by  some 
authors  (Table  2-1),  although  others  have  reported  a protein  concentration 
depression  by  supplementation  of  CaLCFA  to  dairy  cows.  This  depression  has 
averaged  .12  percentage  units  (Tables  2-1  and  2-2). 

When  curves  of  milk  protein  concentration  were  analyzed,  a small 
reduction  (P  = .0005)  in  milk  protein  percentage  was  observed  starting 
approximately  wk  5 PP  when  CaLCFA  were  added  to  the  diets  (Figure  4-4). 
Including  CaLCFA  with  76DIP  diet,  slowed  the  rate  of  decline  in  milk  protein 
concentration  over  the  first  4 wk  PP  compared  with  other  treatments  (Figure  4- 
5;  P = .0004).  Canale  et  al.  (1990)  reported  that  the  depressed  milk  protein 
percentage  observed  with  added  CaLCFA  was  alleviated  with  addition  of 
ruminally-protected  essential  AA  (Lys  and  Met),  suggesting  a possible  shortage 
in  those  specific  AA  at  the  site  of  absorption.  However,  supplementing 
additional  protein  from  the  same  source  (extruded  soybeans  plus  soybean 
meal)  to  increase  dietary  CP  from  16  to  18%,  did  not  prevent  depression  in  milk 
protein  percentage  due  to  added  fat  (Kim  et  al.,  1991)  suggesting  that  it  is  not 
the  amount  of  protein,  but  the  quantity  and  quality  of  AA  reaching  the  site  of 
absorption  that  most  influences  milk  protein.  The  protein  sources  utilized  in  our 
protein  mix  (blood  meal,  fish  meal,  and  meat  and  bone  meal)  are  sources  of 
high  Lys  and  Met  content  (NRC,  1982). 
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Figure  4-4.  Polynomial  regression  curves  (5th  order)  for  milk  protein  percent  by 
lactating  Holstein  cows  fed  diets  containing  55  or  76%  degradable  intake 
protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA).  P 
= .0005  for  CaLCFA  effect  and  P = .0004  for  DIP  by  CaLCFA  interaction.  SEM 
= .02. 
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55DIP  + 0%  CaLCFA  -e-  55DIP  +2.2%  CaLCFA 


76DIP  + 0%  CaLCFA  -e-  76D1P  + 2.2%  CaLCFA 

Figure  4-5.  Polynomial  regression  curves  (5th  order)  for  milk  protein 
concentration  by  lactating  Holstein  cows  fed  diets  containing  55  or  76% 
degradable  intake  protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty 
acids  (CaLCFA).  P = .0005  for  CaLCFA  effect  and  P = .0004  for  DIP  by 
CaLCFA  interaction.  SEM  = .02. 
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Total  Tract  Apparent  Nutrient  Digestibilities 

Intake  of  DM  or  OM  during  the  digestibility  determination  period  was  not 

* 

affected  by  dietary  treatment  (Table  4-5),  No  differences  in  apparent 
digestibilities  of  DM,  OM,  or  CP  were  observed  among  diets.  Others  (Table  2-2) 
have  reported  similar  findings  with  one  exception.  Klusmeyer  et  al.  (1991a) 
reported  digestibilities  of  DM  and  CP  to  be  increased  by  two  percentage  units 
when  CaLCFA  were  fed. 

Treatments  did  not  influence  NDF  or  ADF  digestion.  However  cows  fed 
diets  containing  CaLCFA  digested  a greater  (P  = .012)  proportion  of 
hemicellulose  (40.8  vs.  34.3%;Table  4-5).  Improvement  in  fiber  digestion  due  to 
the  feeding  of  CaLCFA  has  been  reported  previously.  Digestions  of  NDF 
(Erickson  et  al.,  1992;  Schauff  et  al.,  1992b),  cellulose  (Schauff  and  Clark, 

1992),  and  hemicellulose  (Erickson  et  al,  1992;  Schauff  et  al.,  1992b)  were 
improved  by  inclusion  of  CaLCFA  in  the  diet.  Modification  of  the  ruminal 
environment  may  account  for  improved  fiber  digestion.  Replacing  dietary  corn 
with  fat  reduces  the  amount  of  readily  fermentable  starch  available  in  the  rumen. 
As  a result,  production  of  VFA  can  be  reduced  and  ruminal  pH  increased 
somewhat.  If  mean  ruminal  pH  is  increased  above  approximately  6.2  by  this 
dietary  change,  numbers  of  fiber-digesting  bacteria  may  increase  resulting  in 
improved  digestion  of  dietary  fiber.  Schauff  et  al.  (1992b),  who  reported 
improved  digestion  of  NDF  and  hemicellulose  due  to  CaLCFA,  also  reported  a 
decrease  in  the  molar  proportion  of  propionic  acid  and  an  increase  in  the  molar 


Table  4-5.  Least  squares  means  for  feed  intake  and  apparent  digestibility  coefficients  of  lactating  Holstein  cows  fed 
diets  differing  in  concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or  2.2%  calcium  salts  of 
long-chain  fatty  acids). 

55%  DIP  76%  DIP  Orthogonal  contrasts 
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proportion  of  acetic  acid  and  in  the  acetic  to  propionic  acid  ratio  (A:C). 
increased  cellulose  digestion  with  addition  of  CaLCFA  coincided  with  a linear 
increase  in  acetic  acid  concentrations  and  A:C  (Schauff  and  Clark,  1992). 

Sklan  et  al.  (1992)  also  reported  elevated  A:C  due  to  feeding  CaLCFA  but 
apparent  digestibilities  were  not  measured.  However  increases  in  ruminal  pH 
(Klusmeyer  et  al.  1991b)  and  decreases  In  VFA  concentrations  (Wm  et  al., 

1 993)  in  cows  fed  diets  containing  CaLCFA  are  reported  infrequently.  Lack  of 
sufficient  sampling  of  rumen  fluid  may  account  for  this  lack  of  substantiation. 

Decreasing  the  dietary  concentration  of  ruminally  degradable  protein 
from  76  to  55%  tended  to  increase  (P  = .077)  the  percentage  of  hemicellulose 
digestion  from  35.3  to  39.8%.  The  positive  effect  of  fat  tended  to  be  greater 
when  fed  with  the  76DIP  diet  (DIP  by  FAT  interaction;  P = .111).  It  could  be 
that  the  diet  containing  soybean  meal  plus  urea  did  not  provided  the 
appropriate  synchronization  of  available  carbohydrates  and  nitrogenous 
compounds  or  adequate  amounts  of  AA  and  peptides  for  maximum  microbial 
growth,  as  has  been  suggested  (Clark  et  al.,  1992;  Herrera-Saldana  et  al.,  1990; 
Sniffen  and  Robinson,  1987),  reducing,  therefore,  the  efficiency  of  microbial 
synthesis.  Harris  et  al.  (1992)  reported  an  increase  in  NDF  digestibility  when 
feather  meal  was  included  in  the  diets  of  lactating  dairy  cows,  and  Oldham  et  al. 
(1984)  also  reported  a marked  improvement  in  digestion  of  beta-linked  glucose 
and  xylose  in  the  rumen  when  fish  meal  replaced  urea  as  a N supplement  for 


steers. 
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Digestibility  of  EE  also  was  affected  by  dietary  treatments  (Table  4-5).  By 
decreasing  the  concentration  of  degradable  protein  In  the  diet  from  76  to  55%, 
total  tract  apparent  digestibility  of  EE  increased  (P  = .035)  from  83.5  to  86.9%. 
This  increase  in  EE  digestibility  could  be  the  direct  effect  of  dietary  protein  on 
lipid  absorption  in  the  small  intestine.  After  lipids  have  been  absorbed  from  the 
intestinal  lumen,  they  must  be  mobilized  from  the  intestinal  cell.  The  need  for 
carrier  proteins  at  this  time  depends  upon  the  chain  length  of  the  fatty  acid. 

Fats  used  as  feed  additives  are  composed  normally  of  long-chain  fatty  acids, 
therefore  requiring  the  lipoprotein  transport  system  for  mobilization.  The  need 
for  these  carrier  molecules  will  increase  therefore  the  requirements  for  AA  used 
in  lipoprotein  synthesis.  An  increase  in  fatty  acid  absorption  is  coupled  to  an 
increase  in  AA  absorption  due  to  the  greater  AA  requirements  for  lipoprotein 
synthesis.  This  hypothesis  may  be  supported  partially  by  findings  of  Klusmeyer 
et  al.  (1991a)  who  reported  that  feeding  CaLCFA  did  not  alter  the  amount  of  N 
apparently  digested  postruminally,  but  that  CaLCFA  increased  (P  = .02)  N 
digested  postruminally  as  a percentage  of  N intake,  as  a percentage  of  N 
passing  to  the  duodenum  (P  = .02),  and  as  a percentage  of  N apparently 
digested  in  the  total  gastrointestinal  tract  (P  = .07)  compared  with  feeding  no 
CaLCFA.  Furthermore,  Schauff  and  Clark  (1992)  found  a linear  increase  in  N 
absorption  when  CaLCFA  was  increased  from  0 to  9%  of  diet  DM.  Canale  et  al. 
(1 990)  concluded  that  the  increase  in  milk  fat  yield  by  cows  fed  ruminally 
protected  AA  combined  with  dietary  fat  may  have  resulted  from  improved 
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transport  (or  availability)  of  lipids  to  the  mammary  gland  as  a consequence  of 
an  increase  in  lipoprotein  synthesis  which  resulted  in  enhanced  movement  of 
dietary  lipids.  Andrew  et  al.  (1991)  reported  that  apparent  fat  digestibility  was 
improved  from  77.9  to  89.1%  when  CP  of  the  diet  was  increased  from  16  to 
20%  of  the  DM. 

in  summary,  the  increased  apparent  digestibility  of  EE  due  to  feeding 
less  degradable  protein  in  this  experiment  may  have  resulted  from  more  AA  and 
peptides  available  at  the  site  of  absorption  as  a consequence  of  different 
degrees  in  protein  degradability  or  bacterial  protein  production,  coupled  to  an 
improvement  in  dietary  fatty  acid  absorption. 

Addition  of  fat  in  the  form  of  CaLCFA  to  either  protein  source  elevated  (P 

« 

= .035)  the  coefficient  of  apparent  digestion  for  EE  from  83.5  to  86.9%  . 

Feeding  CaLCFA  to  lactating  cows  has  been  reported  to  augment  fat 
digestibility  in  several  (Grummer,  1988;  Schneider  et  al.,  1988;  Canale  et  al., 
1990;  Schauff  and  Clark,  1992;  Holter  et  al.,  1992),  but  not  all  experiments 
(West  and  Hill,  1990;  Andrew  et  al.,  1991;  Palmquist,  1991;  Schauff  et  al., 
1992a).  It  has  been  suggested  (Palmquist  and  Conrad,  1978)  that  this 
response  results  from  feeding  highly  digestible  fats  which  in  turn  dilutes  the 
contributions  of  poorly  digested  lipids  other  than  fatty  acids  and  the 
endogenous  losses  of  fatty  acids  in  feces. 

The  concentration  of  NEL  in  diets  not  containing  CaLCFA  as  calculated 
from  digestibility  coefficients  were  similar  to  the  NEl  calculated  from  tabular 
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values  (NRC,  1989)  used  to  balance  the  rations.  The  value  for  CaLCFA 
used  in  calculating  the  of  experimental  diets  was  6.52  Mcal/kg  DM  (Andrew 
et  al.,  1991).  A difference  of  .05  Meal  NE,ykg  DM  was  detected  for  diets 
containing  CaLCFA  when  calculated  by  the  two  methods.  A difference  of  .1 
Meal  NE,ykg  DM  was  found  by  Jerred  et  al.  (1990)  feeding  diets  containing  5% 
prilled  fat.  The  possible  cause  may  be  related  to  the  laboratory  technique  used 
to  determine  fat  content  of  feeds  and  fecal  samples.  The  EE  procedure  (AOAC, 
1 990)  may  be  unable  to  account  for  all  the  fatty  acids  present.  The  procedure 
of  acid  ether  extraction  is  preferred  by  Palmquist  (1991). 

Body  Weight  and  Body  Condition  Score 

Approximately  50  kg  were  lost  during  the  first  4 wk  PP  by  cows  fed  the 
highly  degradable  protein  sources  compared  with  only  21  kg  during  the  first  3 
wk  PP  by  cows  fed  the  animal  protein  byproducts  (DIP  effect;  P = .0001 ; Figure 
4-6).  Others  have  reported  the  benefits  of  feeding  relatively  undegradable 
protein  sources  on  BW  during  the  early  PP  period.  Reducing  protein 
degradability  of  the  diet  by  replacing  about  50%  of  SBM  with  commercial  mix  of 
animal  byproduct  meals  resulted  in  less  BW  loss  during  the  first  50  d of 
lactation  (-.044  vs.  -.247  kg/d;  Mantysaari  et  al.,  1989).  Kerry  and  Amos  (1993) 
found  that  using  heated  SBM  in  diets  for  lactating  cows  in  early  lactation  (wk  1 
to  4 PP)  resulted  in  BW  loss  (-28.6  kg)  while  cows  fed  a 52:48  mixture  of  corn 
gluten  meal  and  heated  SBM  maintained  their  BW  (.6  kg). 
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CaLCFA,  as  a main  effect,  did  not  affect  BW  change.  This  lack  of  effect 
agrees  with  others  (Canale  et  al.,  1990;  Schneider  et  al.,  1990;  West  and  Hill, 
1990;  Erickson  et  al.,  1992;  Wm  et  al.,  1993).  Those  laboratories  which  have 
reported  that  feeding  CaLCFA  resulted  in  greater  BW  loss  compared  with 
controls  also  reported  lowered  DMI  by  those  cows  consuming  CaLCFA 
(Andrew  et  al.,  1991;  Schauff  and  Clark,  1992;  Schauff  et  al.,  1992b). 

Ability  to  gain  BW  after  4 wk  PP  tended  to  be  affected  by  the  interaction 
of  fat  and  protein  degradability.  The  absence  of  CaLCFA  from  the  55DIP  diet 
resulted  in  a leveling  off  of  BW  gain  approximately  9 wk  into  the  study  whereas 
cows  on  other  treatments  continued  to  gain  BW  (DIP  by  Fat  interaction;  P = 
.048). 

Cows  lost  approximately  .25  to  .35  units  of  BCS  during  the  first  5 to  6 wk 
PP  after  which  time  cows  began  to  regain  body  condition  (Figure  4-7).  By  112 
d PP,  cows  had  returned  or  nearly  so  to  their  BCS  at  calving  with  one 
exception.  Cows  fed  2.2%  fat  had  a greater  recovery  BCS  when  fed  55 
compared  with  76DIP  diet  (DIP  by  Fat  interaction;  P = .03).  Mantysaari  et  al. 
(1989)  found  BCS  to  be  unaffected  by  changing  dietary  DIP  during  the  first  100 
d PP.  Offering  more  nutrients  (protein  and  fat)  than  needed  for  production,  will 
result  in  their  accumulation  in  body  stores  (fat  and  some  protein),  or  elimination 
of  the  excessive  load  (mainly  protein)  resulting  in  some  energy  expenditure  for 
the  processes  of  detoxification  and  elimination  of  metabolites  (ammonia,  urea, 
etc).  This  topic  will  be  discussed  later. 


155 


55DIP  + 0%  CaLCFA  76DIP  + 0%  CaLCFA 


55DIP  + 2.2%  CaLCFA  76DIP  + 2.2%  CaLCFA 


Figure  4-6.  Polynomial  regression  curves  (5th  order)  for  body  weight  by 
lactating  Holstein  cows  fed  diets  containing  55  or  76%  degradable  intake 
protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA). 
P = .0001  for  DIP  effect.  SEM  = 17. 
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Energy  Status 

Curves  representing  the  trends  in  energy  status  during  the  complete  trial 
are  depicted  in  Figure  4-8.  Panel  A represents  the  energy  status  corrected  for 
BW  change  of  lactating  cows  as  calculated  using  NE  intake  calculated  from  the 
TDN  values  determined  from  the  digestibility  data.  Panel  B shows  the  energy 
status  corrected  for  BW  change,  calculated  from  the  estimated  NEL  content  of 
the  diets  based  on  tabular  values  (NRC,  1989)  for  each  ingredient.  Because 
energy  status  is  tied  intimately  to  feed  consumption,  energy  status  patterns 
followed  DMI  patterns  from  wk  2 on.  Cows  were  In  NES  during  the  first  3 to  4 
wk  PP  with  nadir  at  approximately  -7  to  -10  Mcal/d  (Figure  4-8).  This  nadir  was 
slightly  less  compared  with  those  reported  by  Staples  et  al.  (1 990)  of  -11  to  - 
15.5  Mcal/d.  In  addition,  return  to  positive  energy  status  took  approximately  8 
to  9 wk  in  their  study.  This  is  best  explained  by  lower  milk  yields  of  cows  in 
current  experiment  (27.1  vs.  34.1  kg/d). 

Energy  status  of  cows  fed  the  animal  protein  sources  were  similar  until 
wk  6 at  which  time  cows  supplemented  with  CaLCFA  entered  a more  positive 
energy  state  (Figure  4-8B).  On  the  other  hand,  cows  receiving  CaLCFA  along 
with  soybean  meal  and  urea  were  in  a more  positive  energy  state  for  a longer 
period  of  time  (from  wk  3 through  wk  9)  compared  with  cows  fed  soybean  meal 
and  urea  alone  (DIP  by  Fat  interaction;  P = .001).  Rate  of  return  to  positive 
energy  status  was  slower  for  cows  fed  the  76DIP-0%  CaLCFA  diet  compared 
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55DIP  + 0%  CaLCFA  -e-  76DIP  + 0%  CaLCFA 


-■i-  55DIP  + 2.2%  CaLCFA  -e-  76DIP  + 2.2%  CaLCFA 

Figure  4-7.  Polynomial  regression  curves  (3rd  order)  for  body  condition  score 
by  lactating  Holstein  cows  fed  diets  containing  55  or  76%  degradable  intake 
protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA). 

P = .028  for  DIP  by  CaLCFA  interaction.  SEM  = .02. 
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with  the  other  cows.  This  slower  return  to  positive  energy  status  by  this 
treatment  group  was  due  most  likely  to  their  lower  rate  of  DMI  in  early  lactation. 
One  of  the  primary  goals  of  feeding  dietary  fat  to  lactating  cows  in  early 

lactation  is  to  increase  the  intake  of  energy  to  shorten  the  length  of  NES, 

« 

therefore  reducing  its  effect  on  productive  and  reproductive  performance  of 
dairy  cows.  However,  observed  reduction  in  DMI  when  additional  fat  is  added 
to  the  diets  can  jeopardize  the  whole  objective  of  feeding  fats  (Schauff  et  al., 
1992b;  Jerred  et  al.,  1990). 

Blood  Confrtuents 

Plasma  NHg-N  concentrations  were  not  affected  by  dietary  treatments 
(Table  4-6). 

Increasing  the  extent  of  protein  degradation  in  the  rumen  increased 
mean  PUN  concentration  from  17.2  to  22.0  mg/dl  (Table  4-6).  Others  have 
reported  similar  effects  of  feeding  more  degradable  protein  sources  (Bruckentai 
et  al.,  1989;  McCormick  et  al.,  1992).  Concentrations  of  PUN  increased  with 
increasing  days  PP  as  expected  due  to  increasing  DMI  with  time  (Figure  4-9). 
Cows  fed  76DIP  diets  started  out  at  16.2  mg/dl  and  peaked  approximately  at 
23.5  mg/dl  at  10  wk  PP.  Cows  fed  56DIP  diets  exhibited  PUN  concentrations 
of  10.2  mg/dl  initially  and  peaked  at  18.2  mg/dl  much  earlier  at  5 wk  PP  (DIP 
effect;  P = .001).  These  patterns  tended  to  follow  that  observed  for  DMI 
(Figure  4-2). 
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55DIP  76DIP  55DIP+FAT  -e-  76DIP+FAT 


55  DIP  — 76  DIP  55  DIP+FAT  -b-  76  DIP+FAT 


Figure  4-8.  Polynomial  regression  curves  (5th  order)  for  energy  status  of  lacta- 
ting  Holstein  cows  fed  diets  containing  55  or  76%  degradable  intake  protein 
(DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (FAT)  calculated  from 
TDN  values  x .0266  - .12  (top;  Moe  et  al.,  1972)  or  tabulated  values  (bottom; 
NRC,  1989)  corrected  for  BW.  P = .001  for  DIP  by  FAT  interaction.  SEM  = 1.2. 
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Mean  insulin  concentrations  were  decreased  ( P = .007)  by 
approximately  20%  when  additional  degradable  protein  was  fed  (.65  vs.  .54 
ng/ml;  Table  4-6).  At  least  two  reasons  exist  for  this  decrease  in  insulin 
concentrations.  Elevated  circulating  concentrations  of  urea  and  ammonia  have 
been  linked  to  depressed  insulin  concentrations.  Plasma  insulin  concentrations 
were  increased  by  26  to  46%  when  steers  were  infused  via  jugular  vein  with 

ammonium  chloride  (12  /xM/kg  BW  for  4 h)  resulting  in  subclinical  ammonia 

* 

toxicity  (Fernandez  et  al.,  1988).  Glucose  concentrations  increased  steadily 
from  76  to  82  mg/dl  as  infusions  were  maintained  in  this  same  study. 

Increased  glucose  concentrations  (from  98  to  115  mg/dl)  also  were  reported  by 
Spires  and  Clark  (1979)  who  pulse  dosed  into  the  rumen  of  dairy  steers  .4  g 
urea/kg  BW.  Both  laboratories  concluded  that  elevated  blood  glucose 
concentrations  concomitant  with  elevated  concentrations  of  urea  and  ammonia 
were  due  to  a reduced  rate  of  utilization  of  glucose  by  extrahepatic  tissues. 
Therefore  the  feeding  of  high  amounts  of  highly  degradable  nitrogenous 
compounds  may  impair  glucose  utilization,  thereby  influencing  negatively  energy 
metabolism  of  the  cow.  A second  explanation  involves  the  delivery  of  additional 
AA  to  the  small  intestine  by  feeding  the  55DIP  diet.  If  more  AA  were  being 
absorbed  by  cows  fed  the  55DIP  diet,  then  that  might  signal  the  body  to 
secrete  more  insulin  in  order  to  promote  utilization  of  those  AA  for  glucose 
synthesis  or  tissue  accretion.  Contrary  to  our  findings,  Veen  et  al.  (1 988)  and 
Veen  and  Baker  (1988)  found  an  increase  in  blood  insulin  concentrations  when 


Table  4-6.  Least  squares  means  for  plasma  insulin  and  selected  metabolites  in  lactating  Holstein  cows  fed  diets 
differing  in  concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or  2.2%  calcium  salts  of  long- 
chain  fatty  acids). 

55%  DIP  76%  DIP  Orthogonal  contrasts 

Measurement  0%  Fat  2.2%  Fat  0%  Fat  2.2%  Fat  SEM  DIP  Fat  DIPxFat 
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55DIP  -e-  76DIP 


Figure  4-9.  Polynomial  regression  curves  (3rd  order)  for  plasma  urea-N  (PUN; 
mg/dl)  by  lactating  Holstein  cows  fed  diets  containing  55  or  76%  degradable 
intake  protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids 
(CaLCFA).  P = .013  for  DIP  effect.  SEM  = .3. 
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rapidly  degradable  protein  was  fed  to  lactating  cows.  They  associated  the 
increase  in  insulin  concentration  3.5  h after  feeding  to  greater  concentrations  of 
propionate.  Nevertheless,  Veen  and  Baker  (1988)  conceded  that  the 
absorption  of  additional  AA  may  increase  the  concentration  of  insulin. 

Fat,  on  the  other  hand,  tended  to  reduce  (P  = .104)  mean  plasma  Insulin 
concentrations  (.62  vs.  .56  ng/ml;  Table  4-6).  By  replacing  ground  corn  with 
CaLCFA,  amount  of  fermentable  substrate  delivered  to  the  rumen  was  lowered 
and  propionate  production  likely  was  lowered  which  may  have  resulted  in 
lowered  insulin  concentrations. 

When  weekly  values  were  accumulated  over  time  and  the  curves  tested 
for  homogeneity  of  regression  (Figure  4-10),  dietary  fat  failed  to  exert  an  effect 
on  insulin.  The  effect  of  various  supplemental  fat  sources  on  plasma  insulin 
cocentrations  has  been  contradictory.  Reports  of  a decrease  (Palmquist  and 
Moser,  1981;  Gagliostro  et  al.,  1991),  no  change  (Schneider  et  al.,  1988;  Lough 
et  al.,  1988),  or  an  increase  (Palmquist  and  Moser,  1981;  Cummins  and  Sartin, 
1987)  have  been  reported. 

As  expected,  mean  plasma  concentrations  of  HDL-cholesterol  increased 
(P  = .020)  in  cows  fed  diets  containing  added  fat  (62.3  vs.  58.7  mg/dl;  Table  4- 
6).  Likewise,  Carroll  et  al.  (1992)  found  HDL-cholesterol  to  increase  from  66  to 
80  mg/dl  with  the  supplementation  of  prilled  fat  at  7%  of  diet  DM.  Pattern  of 
HDL-cholesterol  concentrations  over  the  first  70  d PP  between  cows  fed  0 or 
2.2%  of  diet  as  CaLCFA  did  not  differ  (P  = .068;  Figure  4-11).  However  it  is 
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evident  that  concentrations  continually  increased  with  progressing  days  of 
lactation  with  concentrations  at  70  d PP  over  twice  those  observed  at  calving 
(75  vs.  32  mg/dl).  Increases  In  plasma  cholesterol  concentrations  due  to 
feeding  CaLCFA  have  been  reported  by  Sklan  et  al.  (1989)  and  West  and  Hill 
(1990)  but  no  increases  were  found  by  Schneider  et  al.  (1988)  or  Sklan  et  al. 
(1991).  Degradability  of  dietary  protein  did  not  influence  mean  HDL-cholesterol 
concentrations  (Table  4-6).  However,  cows  fed  76DIP  diets  showed  a faster 
increase  in  HDL-cholesterol  concentrations  over  time  and  never  reached  a 
plateau  compared  with  cows  fed  the  55DIP  diets  (P  = .002;  Figure  4-11). 

These  patterns  may  be  explained  best  by  examination  of  DMI  patterns  in  which 
DMI  by  cows  consuming  55DIP  diets  trailed  off  after  50  d PP  (Figure  4-2). 

There  tended  to  be  (P  = .073)  an  interaction  between  fat 
supplementation  and  protein  degradability  source  on  plasma  HDL-cholesterol 
concentrations  (Table  4-6),  suggesting  an  important  role  of  the  dietary  protein 
source  on  lipid  metabolism.  Increasing  the  proportion  of  ruminally 
undegradable  protein  had  no  effect  on  the  concentration  of  plasma  HDL- 
cholesterol  under  a fat  supplementation  regime  whereas  feeding  additional  fat 
increased  the  concentration  of  HDL-cholesterol  1 1 .6%  when  a highly 
degradable  protein  source  was  included  in  the  diet.  However,  the  test  of 
homogeneity  of  regression  showed  the  interaction  to  be  nonsignificant  (P  = 
.348). 
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55D1P  + 0%  CaLCFA  -e-  76DIP  + 0%  CaLCFA 


55DIP  + 2.2%  CaLCFA  -b-  76DIP  + 2.2%  CaLCFA 


Figure  4-10.  Polynomial  regression  curves  (1st  order)  of  accumulated  plasma 
insulin  concentration  (ng/ml)  by  lactating  Holstein  cows  fed  diets  containing  55 
or  76%  degradable  intake  protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long- 
chain  fatty  acids  (CaLCFA).  P = .013  for  DIP  effect  and  P = .054  for  DIP  by 
CaLCFA  interaction.  SEM  = .2. 
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Cows  fed  CaLCFA  tended  to  (P  = .119)  have  greater  mean  plasma 
concentrations  of  NEFA  (615  vs.  474  mEq/U  Table  4-6).  Plasma  NEFA 
concentrations  have  been  increased  by  feeding  CaLCFA  (Palmquist  and 
Conrad,  1978;  Schneider  et  ai.,  1988;  Canale  et  al.,  1990;  Gagliostro  et  al., 

1991;  Sklan  et  al.,  1991;  Erickson  et  al.,  1992;  Elliott  et  ai.,  1993).  Increases  in 
plasma  NEFA  concentrations  may  be  due  to  increased  tissue  mobilization  of  fat 
or  to  inefficient  uptake  of  fatty  acids  by  cells  during  action  of  lipoprotein  lipase 
on  chylomicrons  (Petit  and  Veira,  1991;  Gagliostro  et  al.,  1991).  Based  upon 
changes  in  BW  and  BCS  (Figures  4-6  and  4-7),  cows  fed  CaLCFA  likely  did  not 
mobilize  more  fatty  acids  from  adipose  tissue.  Uptake  of  more  fatty  acids  by 
cows  fed  CaLCFA  leading  to  a greater  spillover  of  fatty  acids  into  the  circulation 
may  be  the  most  logical  reason  for  increased  NEFA  concentrations  compared 
with  cows  fed  0%  CaLCFA. 

Plasma  NEFA  concentrations  were  greater  immediately  PP  and  declined 
as  lactation  progressed  (Figure  4-12).  Concentrations  leveled  off  between  6 to 
7 wk  PP  for  all  treatments  except  76DIP-2.2%  CaLCFA  which  steadily 
decreased.  Including  CaLCFA  with  the  55DIP  diet  elevated  plasma  NEFA 
concentrations  above  that  of  cows  fed  the  55DIP  diet  alone  throughout  the  first 
7 wk  PP.  This  increased  concentration  of  NEFA  were  greatest  at  calving  (1290 
vs.  810  mEq/L)  and  became  narrower  as  lactation  progressed.  On  the  other 
hand,  NEFA  concentrations  of  cows  fed  the  76DIP  diet  with  CaLCFA  were 
elevated  above  those  of  cows  not  receiving  CaLCFA  only  from  wk  2 through  6 
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DAY  POSTPARTUM 
- 55DIP  -e-  76DIP 


DAY  POSTPARTUM 
0%  CaLCFA  2.2%  CaLCFA 

Figure  4-1 1 , Polynomial  regression  curves  (3rd  order)  of  high  density 
lipoprotein-cholesterol  (HDL-CHOL)  concentration  (mg/dl)  by  lactating  Holstein 
cows  fed  diets  containing  55  or  76%  degradable  intake  protein  (DIP)  and  0 or 
2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA).  P = .002  for  DIP  effect. 
SEM  = .7. 
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PP  (DIP  by  Fat  interaction;  P = .001).  During  the  first  2 wk  PP,  cows  fed  the 
76DIP  diet  without  CaLCFA  had  greater  concentrations  of  NEFA  but 
concentrations  decreased  at  a faster  rate  compared  with  cows  fed  the  76DIP 
with  CaLCFA.  Absorption  of  fat  may  have  been  improved  by  the  addition  of 
undegradable  protein  as  evidenced  from  Table  4-5.  Increased  chylomicrons  led 
to  a greater  spillover  of  fatty  acids  during  uptake  by  extrahepatic  tissues  thus 
accounting  for  increased  NEFA.  Lowered  DMI  by  cows  fed  76DIP-0%  CaLCFA 
compared  with  those  fed  76DIP-2.2%  CaLCFA  early  PP  may  have  resulted  In 
greater  mobilization  of  fatty  acids  accounting  for  greater  NEFA  concentrations 
of  cows  deprived  of  CaLCFA.  The  pattern  of  NEFA  concentrations  did  not 
appear  to  match  very  closely  with  pattern  of  energy  status  (Figure  4-8). 
Reproductive  Parameters 

Pattern  of  cervix  regression  over  the  first  8 wk  PP  was  not  affected  by 
dietary  treatment  (mean  diameter  = 40.6  ± .6  mm).  Involution  of  uterine  horns 
were  affected  by  diets.  The  open  uterine  horn  involuted  at  a faster  rate  (P  = 
.01)  compared  with  the  pregnant  uterine  horn  across  treatments  (Figure  4-13). 
Low  protein  degradability  (55DIP)  diet  accelerated  uterus  regression  to  minimize 
difference  between  uterine  horns  (P  = .01).  However,  addition  of  fat 
antagonized  this  effect.  With  ot  without  fat,  (Figure  4-13).  Guilbault  et  al. 

(1 985)  reported  that  a faster  rate  of  uterine  involution  may  be  associated  with  a 
greater  secretion  of  PGFg^  by  the  uterus  as  determined  by  greater  detectable 
concentrations  of  prostaglandin  metabolites.  Authors  concluded  that  although 
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55DIP  + 0%  CaLCFA  -e-  76DIP  + 0%  CaLCFA 


55DIP  + 2.2%  CaLCFA  -b-  76DIP  + 2.2%  CaLCFA 

Figure  4-12.  Polynomial  regression  curves  (2nd  order)  of  non-esterified  fatty 
acids  concentrations  (mEq/L)  by  lactating  Holstein  cows  fed  diets  containing  55 
or  76%  degradable  intake  protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long- 
chain  fatty  acids  (CaLCFA).  P = .001  for  DIP  by  CaLCFA  interaction.  SEM  = 
25. 
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the  mechanisms  by  which  PGFg.  alter  uterine  involution  are  not  known,  a 
plausible  factor  could  be  the  acceleration  of  muscle  protein  turnover  and 
contraction.  During  early  lactation,  most  tissues  can  contribute  nutrients  to 

meet  the  homeorhetic  drive  of  the  cow.  When  protein  degradability  of  the  diet 

% 

was  reduced  from  76  to  55%,  cows  experienced  a reduction  in  tissue 
mobilization  as  reflected  in  less  BW  loss.  The  breakdown  of  labile  protein 
reserves,  which  includes  smooth  muscle  such  as  that  present  in  the  intestine 
and  the  reproductive  tract  likely  was  diminished.  Furthermore,  by  including  fish 
meal  in  the  protein  mix  as  a slowly  degradable  protein  source,  the  supply  of  a 
potential  precursor  (also  may  act  as  an  inhibitor)  for  PGFgg  was  provided.  Fish 
meal  contains  between  4.5  to  10.5%  fat,  of  which  14  to  26%  are 
polyunsaturated  fatty  acids  with  chain  lengths  of  20  carbons  or  more  (Hoover  et 
al.,  1989). 

Mean  rectal  palpation  data  collected  over  the  first  7 to  8 wk  PP  are 
presented  in  Table  4-7.  Ovarian  volume  was  calculated  from  estimates  of  the 
width,  height,  and  length  of  the  ovary  via  palpation.  It  reflects  the  presence  of 
normal  and  pathological  structures  on  the  ovary.  The  feeding  of  more 
degradable  protein  or  CaLCFA  as  main  effects  did  not  affect  ovarian  volume. 
However  these  treatments  did  influence  (P  = .0001)  ovarian  volume  when  side 
of  uterine  horn  was  considered  (DIP  by  Fat  by  SIDE  interaction).  Volume  of 
ovary  associated  with  the  contralateral  uterine  horn  decreased  as  CaLCFA  were 
added  to  diet  of  cows  fed  the  55DIP  diet  (765  vs.  494  mm®  x 100),  whereas 
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Figure  4-13.  Polynomial  regression  curves  (3rd  order)  of  horn  diameter  (mm)  by  lactating  Holstein  cows  fed  diets 
containing  55  (A  and  C)  or  76%  (B  and  D)  degradable  intake  protein  (DIP)  and  0 (A  and  B)  or  2.2%  (C  and  D)  calcium 
salts  of  long-chain  fatty  acids  (CaLCFA).  P = .039  for  DIP  by  CaLCFA  interaction.  SEM  = .4. 
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ovarian  volume  increased  in  cows  fed  the  76DIP  diet  supplemented  with 
CaLCFA  (474  vs.  640  mm®  x 100);  the  ipsilateral  side  appeared  to  be  affected 
little  by  treatment. 

The  mean  number  of  follicles  (2.1  vs.  1.7;  P = .062),  size  of  largest 
follicle  (24.8  vs.  18.9  mm;  P = .037),  and  total  area  of  all  follicles  (27.9  vs.  21.3 
mm;  P = .052)  were  greater  in  cows  fed  the  low  DIP  diets,  principally  due  to  the 
ovary  situated  contrary  to  the  earlier  pregnant  horn  (side  effect;  P < .026).  The 
larger  follicles  of  cows  fed  55DIP  diets  were  stimulated  to  be  even  larger  when 
CaLCFA  were  removed  from  the  diet  but  only  on  the  contralateral  side  (32.7  vs. 
20.8  mm;  DIP  by  Fat  by  SIDE  interaction;  P = .010).  As  a result,  follicular  area 
followed  suit  (DIP  by  Fat  by  SIDE  interaction,  P = .003).  Addition  of  CaLCFA  to 
the  diets  tended  to  reduce  (P  = .11)  the  number  of  follicles  present  (1.7  vs. 

2.0),  a decrease  probably  not  related  directly  to  a depression  in  the 
development  of  follicles,  but  indirectly  through  the  process  of  ovulation  and  P4 
production  after  CL  formation.  High  progesterone  environments  are  important 
for  follicular  development  and  turnover  (Savio  et  al.,  1993).  This  fact  is 
supported  by  a tendency  (P  = .074)  toward  an  increase  in  the  numbers  of  CL 
(1.1  vs.  .8)  as  well  as  the  size  of  the  largest  CL  (17.2  vs.  12.2  mm;  P = .088) 
and  the  total  luteal  tissue  (17.7  vs.  12.9  mm;  P = .101)  detected  in  cows  fed 
diets  supplemented  with  CaLCFA.  Feeding  CaLCFA  did  not  influence  the  size 
of  the  largest  follicle  as  determined  by  rectal  palpation  weekly.  However,  Lucy 
et  al.  (1991b),  reported  an  increase  in  the  size  of  the  largest  (P  < .04)  and 


Table  4-7.  Mean  accumulative  responses  for  size  and  number  of  ovarian  structures  as  determined  by  weekly  rectal 
palpation  of  lactating  Holstein  cows  fed  diets  differing  in  concentrations  of  degradable  intake  protein  (DIP)  and 
supplemental  fat  (0  or  2.2%  calcium  salts  of  long-chain  fatty  acids).  

55%  DIP  76%  DIP 

0%  Fat  2.2%  Fat  0%  Fat  2.2%  Fat  Orthogonal  contrasts* 
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second  largest  (P  < .07)  follicles  in  postsynchronized  cycle  as  measured  by 
ultrasonography  when  lactating  cows  were  fed  supplemental  CaLCFA. 

Increasing  the  degradability  of  the  dietary  protein  resulted  in  less  intense 
ovarian  activity.  The  number  of  CL  were  reduced  from  1.1  to  .7  (P  = .008),  the 
size  of  the  largest  CL  was  reduced  from  17.6  to  11.8  mm  (P  = .049),  and  the 
total  luteal  area  was  reduced  from  18.4  to  12.2  mm  (P  = .035)  by  replacing 
animal  byproduct  protein  sources  with  soybean  meal  and  urea.  Feeding 
CaLCFA  with  the  76DIP  diet  tended  to  improve  (P  = .076)  a poor  situation  by 
doubling  the  number  of  CL  from  .5  to  1 .0,  whereas  the  condition  of  cows  fed 
the  56DIP  diet  tended  to  be  acceptable  so  including  CaLCFA  had  no  effect  on 
CL  numbers  (1.1  vs.  1.1;  DIP  by  Fat  interaction).  Four  of  10  cows  fed  the 
76DIP-0%  CaLCFA  diet  were  anestrus  during  this  period  (Table  4-8),  which  is 
reflected  by  the  low  number,  size,  and  total  luteal  area  present  when  compared 
with  the  other  dietary  treatments. 

Greater  ovarian  activity  on  the  contralateral  side  was  not  unexpected 
exhibiting  the  inhibitory  effect  of  previous  gestation  on  uterine  function.  Lewis  et 
al.  (1984)  found  that  average  ovarian  volume  and  percentage  of  ovaries  with  a 
CL  were  reduced  in  ovaries  that  were  ipsilateral  (same  side)  to  the  previously 
gravid  uterine  horn,  and  that  the  negative  associations  between  condition  of 
the  uterus  and  ovarian  activity  probably  were  due  to  negative  effects  of  the 
uterus  on  the  ovaries,  resulting  in  some  local  control  over  ovarian 


recrudescence. 
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Dietary  DIP  or  CaLCFA  as  main  effects  did  not  affect  the  amount  of  ovary 
overcome  with  follicular  cysts  (Table  4-7).  The  ovary  on  the  contralateral  side 
experienced  more  (P  = .001)  follicular  cyst  area  compared  with  that  on  the 
ipsilateral  side  (4.5  vs.  .6  mm).  Addition  of  CaLCFA  to  the  76DIP  diet  increased 
the  presence  of  follicular  cysts  on  the  contralateral  side  (0  vs.  1 1 .7  mm)  but 
CaLCFA  added  to  the  55DIP  diet  led  to  reduction  in  follicular  cysts  (6.4  vs.  0 
mm).  The  ipsilateral  side  was  virtually  free  of  follicular  cysts  (DIP  by  Fat  by 
SIDE  interaction;  P = .0001). 

More  luteal  cysts  tended  to  be  present  (P  = .083)  in  cows  fed  those 
diets  where  protein  degradability  was  high  and  absent  in  cows  fed  diets  of  low 
DIP  (2.1  vs.  0 mm).  Fat  supplementation  did  not  affect  the  incidence  of  luteal 
cysts.  Conclusions  related  to  follicular  and  luteal  cysts  only  can  be  drawn 
tenuously  at  this  time  because  of  the  low  frequency  of  those  structures  and  the 
primary  objectives  of  this  experiment. 

Measurements  of  ovarian  volume  and  number  and  size  of  follicular  and 
CL  structures  over  time  were  affected  by  dietary  treatments.  Location  of  the 
ovary,  that  is,  ipsilateral  (same  side)  or  contralateral  (opposite  side)  to  the  horn 
that  maintained  the  previous  pregnancy,  was  significant  (P  < .05)  in  most  of  the 
variables  studied.  Ovarian  volume  was  affected  by  the  interaction  of  DIP  and 
Fat  (P  <.021;  graphs  are  not  shown).  Ovarian  volume  in  the  contralateral  or 
open  horn  of  cows  fed  the  low  DIP  diets  increased  at  a faster  rate  compared 
with  cows  fed  the  high  DIP  diets.  When  fat  was  added  to  the  76DIP  diet. 
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ovarian  volume  in  the  contralateral  horn  was  increased.  Nevertheless,  as 
mentioned  before,  ovarian  volume  is  only  an  imprecise  measure  of  ovarian 
activity. 

Protein  degradability  influenced  the  total  number  of  follicles  accumulated 
over  the  first  63  d PP  (Rgure  4-14).  Cows  fed  the  55DIP  diets  had  a greater 
rate  of  increase  (P  = .002)  in  accumulation  of  ovarian  follicles  compared  with 
cows  fed  the  highly  degradable  protein  (76DIP)  diets  (peak  of  5.0  to  5.5  vs.  4.0 
to  4.5  at  63  d PP).  The  larger  number  of  follicles  present  in  cows  fed  the  55DIP 
diet  without  supplemental  fat  was  due  likely  to  greater  persistency  of  those 
follicles,  later  on  becoming  cysts  (Table  4-7),  than  to  an  increase  in  the  number 
of  new  follicies. 

For  the  pattern  of  luteal  structures  over  time,  cows  fed  the  more 
degradable  protein  had  a slower  increase  (P  < .008)  in  the  numbers  of  CL,  in 
the  largest  CL,  and  in  total  luteal  tissue.  Curves  for  CL  numbers  and  total  luteal 

tissue  are  in  Figures  4-15  and  4-16  respectively.  The  amount  of  luteal  tissue 

* 

accumulated  by  63  d PP  was  > 70  mm  for  55DIP-fed  cows  but  < 15  mm  for 
76DIP-fed  cows.  The  amount  of  luteal  tissue  accumulated  on  the  contralateral 
side  exceeded  that  on  the  ipsilateral  side  when  55DIP  diets  were  fed  but  there 
was  not  stimulation  of  the  contralateral  ovary  when  76DIP  diets  were  fed.  In  the 
76DIP  diet,  luteal  development  was  suppress  and  local  ovarian  effect  was 
abolished.  The  possible  relationship  found  between  dietary  fat  and  size  of 
largest  CL  is  the  influence  of  dietary  fat  on  size  of  the  dominant  follicle  as 
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reported  by  Lucy  et  al.  (1991a, b).  The  presence  of  a larger  follicle  after 

ovulation  will  provide  more  precursor  cells  for  CL  formation.  The  same  DIP  and 

Fat  effects,  but  in  larger  magnitude,  were  observed  in  the  production  of  luteal 

tissue  during  the  same  period  (Figure  4-16).  Activity  on  the  contralateral  side 

was  repressed  (P  = .01)  in  the  76DIP  group  especially,  generating  six  to  seven 

times  less  luteal  tissue.  This  is  a very  important  finding  because  the  effects  of 

dietary  protein  degradability  on  ovarian  function  is  shown  clearly. 

In  conclusion,  feeding  a low  compared  with  a high  ruminally  degradable 

protein  source  increased  the  amount  of  luteal  tissue  present  in  the  ovaries  of 

early  PP  lactating  cows.  The  increase  resulted  primarily  in  greater  activity  of  the 

ovary  located  contralateral  to  the  previous  gravid  horn.  Addition  of  fat  to  the 

55DIP  diet,  augmented  even  more  the  presence  of  total  luteal  tissue  in  the 

ovary  located  contralateral  to  the  gravid  uterine  horn  during  the  past  gestation 

(Figure  4-16).  On  the  contrary,  feeding  a diet  containing  a highly  degradable 

protein  source,  depressed  activity  of  the  contralateral  ovary  after  calving.  Thus 

« 

the  well  established  difference  between  uterine  horns  early  (Casida  et  al.,  1968; 
Lewis  et  al.,  1984;  Guilbault  et  al.,  1985)  is  abolished  and  reflects  a lack  of 

ovarian  activity  in  the  76DIP  group. 

* 

The  combined  results  from  rectal  palpation  data,  ultrasonography 
records,  and  plasma  P4  profiles  during  the  first  50  d of  lactation  are  presented 
in  Tables  4-8  and  4-9.  Results  shown  in  Table  4-8  represent  all  cows  in  the 
experiment,  whereas  Table  4-9  contains  data  from  only  those  cows  showing 
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Figure  4-15.  Polynomial  regression  curves  (2nd  order)  of  number  of  corpora  lutea  (CL)  by  lactating  Holstein  cows  fed 
diets  containing  55  or  76%  degradable  intake  protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids 
(CaLCFA).  P = .008  for  DIP.  SEM  = .1. 


Q-  180 


s 


< 

& 


>- 

< 

o 


r> 

N 


lO 


+ 

a. 

5 

J2 

♦ 


!; 


+ 

o. 

5 

« 

K 

I 


;s 


c» 

•>> 


< 


O 


#0 

M 


!( 


M 

•f 

Q. 

5 

« 


♦ 


CM 

•f 

0. 

o 

« 


(ului)  gnssii  ivaim 


(uiui)3n88uivaxm 


Figure  4-16.  Polynomial  regression  curves  (2nd  order)  of  total  luteal  tissue  (mm)  by  lactating  Holstein  cows  fed  diets 
containing  55  or  76%  degradable  intake  protein  (DIP)  and  0 or  2.2%  calcium  salts  of  long-chain  fatty  acids  (CaLCFA). 
= .004  for  DIP.  SEM  = 3. 
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estrous  activity.  Most  of  the  dietary  effects  discussed  before  (Table  4-7)  in  the 
palpation  and  ultrasound  data  are  corroborated  by  these  more  sensitive  results. 
More  acyclic  cows  tended  to  appear  (P  = .15)  from  the  76DIP  diet  (5/21) 
compared  with  the  55DIP  treatment  (2/24),  especially  when  fat  was  absent  from 
the  diet.  In  addition,  the  incidence  of  a cystic  condition  also  tended  to  appear 
greater  (P  = .15)  in  cows  fed  76DIP  diets  (5/21  vs.  2/24).  Noteworthy  is  the 
observation  that  4 of  5 of  the  cystic  cows  fed  the  76DIP  diet  presented  that 
pathological  structure  on  the  ovary  contralateral  to  the  previous  gravid  uterine 
horn  (also  Table  4-7).  The  implications  of  this  occurrence  may  be  that  as 
ovarian  PP  activity  began  with  the  contralateral  ovary,  it  was  interrupted  by  a 
cystic  condition,  resulting  in  the  absence  of  luteal  tissue  formation,  therefore  a 
delayed  luteal  phase  in  the  76DIP. group.  Diets  formulated  to  have  76DIP 
concentrations  resulted  in  a delay  of  about  13  d in  the  initiation  of  luteal  activity 
(based  on  individual  P4  profiles)  compared  with  cows  fed  55DIP  diets  (38  vs.  25 
d;  P = .002).  Addition  of  CaLCFA  to  the  76DIP  diets  tended  to  reduce  the 
number  of  days  to  first  luteal  phase  PP  from  42  to  35,  whereas  no  improvement 
was  detected  when  added  to  low  DIP  diets  (25.2  vs.  25.2  d;  DIP  by  Fat 
interaction:  P = .11).  Cows  fed  protein  of  high  degradability  had  a shorter  first 
luteal  phase  (10.4  vs.  18.1  d;  P = .009).  Supplemental  fat  tended  (P  = .105)  to 
increase  the  length  of  the  first  luteal  phase  by  about  5 d (16.6  vs.  11.9  d).  Low 
dietary  protein  degradability  tended  (P  = .079)  to  improve  maximum  P4 
concentration  (8.2  vs.  5.8  ng/ml);  likewise  with  the  addition  of  CaLCFA  (8.0  vs. 


Table  4-8.  Least  squares  means  for  luteal  activity  of  all  lactating  dairy  cows  within  the  first  50  days  postpartum  fed 
diets  differing  in  concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or  2.2%  calcium  salts  of 
long-chain  fatty  acids). 

55%  DIP  76%  DIP  Orthogonal  contrasts 

Measurement  0%  Fat  2.2%  Fat  0%  Fat  2.2%  Fat  SEM  DIP  Fat  DIPxFat 
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Area  under  the  curve  calculated  after  fitting  a 5th  order  polynomial  equation  for  the  entire  period. 
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6.0  ng/ml;  P = .125).  Dietary  treatments  as  main  effect  did  not  affect  the 
number  of  short  luteal  phases,  but  the  absence  of  fat  from  the  76DIP  diet 
resulted  in  fewer  luteal  phases  of  normal  length  (DIP  by  Fat  interaction;  P = 
.021).  Accumulative  plasma  P4  concentrations,  estimated  from  the  area  under 
the  curve  after  fitting  a 5th  order  polynomial  equation  for  the  entire  experimental 
period,  confirmed  that  protein  degradability  (P  = .0003)  as  well  as  supplemental 
fat,  as  CaLCFA,  affected  P4  concentrations  during  the  first  50  d of  lactation. 
Cows  fed  55DIP  diets  exhibited  73%  greater  (P  = .001)  mean  progesterone 
activity  as  indicated  by  greater  accumulated  P4  concentrations  (927  vs.  537 
ng/ml).  Supplementing  with  fat  also  increased  (P  = .019)  mean  accumulated 
P4  concentrations  by  40%  (854  vs.  609  ng/ml).  Although  no  interaction  was 
detected  for  mean  accumulated  P4  concentrations,  curves  of  accumulated 
plasma  P4  concentrations  demonstrated  a DIP  by  Fat  interaction  (Figure  4-17). 
Patterns  of  P4  accumulations  indicated  that  the  detrimental  effect  of  76DIP  diets 
were  markedly  alleviated  by  fat  feeding  (P  = .001),  whereas  fat  feeding  was 
non-stimulatory  in  the  55DIP  groups,  that  expressed  greater  luteal  function  (DIP 
by  Fat  interaction;  P = .0001). 

When  only  those  cows  that  demonstrated  estrous  activity  (as  determined 
by  P4  profiles)  before  d 50  PP  were  considered,  the  effect  of  protein 
degradability  still  was  significant  (P  = .001)  resulting  in  a 9 day  delayed  to  first 
luteal  activity  in  cows  fed  highly  degradable  protein  (32  vs.  23  d;  Table  4-9). 
Neither  length  of  first  luteal  phase  nor  peak  plasma  P4  concentration  were 
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influenced  by  treatment.  However,  accumulated  plasma  P4  concentrations 
during  the  first  50  d PP  were  depressed  (P  = .001)  by  feeding  highly 
degradable  protein  (582  vs.  980  ng)  but  stimulated  (P  = .003)  by  feeding 
CaLCFA  (900  vs.  662  g).  No  interaction  was  detected  for  any  of  the  variables. 

Delay  in  days  to  first  CL  activity  due  to  feeding  highly  degradable  protein 
has  been  reported  by  Figueroa  et  al.  (1992),  who  reported  that  lactating  dairy 
cows  receiving  isonitrogenous  diets  (20%  CP)  with  low  (60%)  or  high  (65%)  DIP 
concentrations,  required  34  and  50  d to  exhibit  first  CL  activity  after  calving 
respectively.  This  1 6 d increase  in  the  time  from  parturition  to  first  luteal  activity 
when  protein  degradability  was  increased  are  comparable  to  the  1 3 and  9 d 
found  in  the  present  experiment,  when  all  cows  or  only  cycling  cows  were 
included  in  the  analysis  (Table  4-8  and  4-9). 

Luteal  activity  as  evaluated  by  accumulated  plasma  P4  concentrations 
also  was  analyzed  according  to  different  experimental  sampling  periods  as 
described  in  Figure  4-1 . Results  are  presented  in  Table  4-10.  In  each 
experimental  phase,  dietary  protein  degradability  and  added  fat  influenced  (P  < 
.019)  accumulated  P4  concentrations  as  reported  in  Tables  4-8  and  4-9. 
However,  when  days  of  prostaglandin  injection  was  used  as  a covariate  for  P4 
concentrations  after  the  synchronized  estrus,  no  differences  were  detected 
among  dietary  treatments,  meaning  that  once  ovarian  activity  was  reestablished 
by  the  synchronization  treatment,  all  cows  were  cycling  normally.  The 
effectiveness  of  the  synchronization  treatment  to  restart  ovarian  activity  in 


Table  4-9.  Least  squares  means  for  luteal  activity  of  cycling  lactating  dairy  cows  within  the  first  50  days  postpartum 
fed  diets  differing  in  concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or  2.2%  calcium  salts  of 
long-chain  fatty  acids). 

55%  DIP  76%  DIP  Orthogonal  contrasts 

Measurement  0%  Fat  2.2%  Fat  0%  Fat  2.2%  Fat  SEM  DIP  Fat  DIPxFat 
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55D1P  + 0%  CaLCFA  -b-  76D1P  + 0%  CaLCFA 


55DIP  + 2.2%  CaLCFA  76DIP  + 2.2%  CaLCFA 


Figure  4-17.  Polynomial  regression  curves  (5th  order)  of  accumulated  plasma 
progesterone  concentrations  (ng/ml)  by  lactating  Holstein  cows  fed  diets 
containing  55  or  76%  degradable  intake  protein  (DIP)  and  0 or  2.2%  calcium 
salts  of  long-chain  fatty  acids  (CaLCFA).  P = .0001  for  DIP  by  CaLCFA 
interaction.  SEM  = .9. 
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anestrus  cows  was  6/7  (85.7%),  similar  to  results  reported  by  Twagiramungu  et 
al.  (1992). 

Seventy  percent  of  cows  responded  to  synchronization  with  no  effect  due 
to  dietary  treatment  (Table  4-11).  Behavioral  estrus  was  observed  usually  within 
2 to  3 d of  PGF2«  injection.  Mean  conception  rate  at  the  synchronized  estrus 
was  30%  and  was  similar  across  treatments.  Low  mean  conception  rate  value 
is  not  due  to  synchronization  scheme  since  good  fertility  (>  70%)  has  been 
reported  by  others  (Coleman  et  al.,  1991;  Twagiramungu  et  al.,  1992). 

Although  mean  conception  rates  at  first  service  were  not  different  among  dietary 
treatments,  conception  rates  at  the  second  service  were  improved  (P  = .030) 
from  31  to  75%  when  cows  were  fed  diets  containing  CaLCFA.  This 
improvement  carried  over  to  pregnancy  rate  at  the  end  of  the  experiment  (52 
vs.  86%;  P = .021).  There  were  no  differences  in  the  number  of  services  per 
conception  (range  from  1.2  to  1.5),  the  number  of  days  open  (range  from  73  to 
86  d),  the  total  number  of  Al  (range  from  15  to  17/group),  and  the  efficiency  of 
estrous  detection  (range  from  84  to  88%).  All  cows  had  the  same  opportunity 
to  be  detected  in  estrus  and  be  inseminated.  Furthermore,  by  using  semen 
from  a single  bull  and  batch  and  by  the  same  technician  performing  all  Al, 
important  sources  of  variation  were  reduced  greatly.  The  efficiency  of  estrous 
detection,  as  confirmed  by  matching  P4  profiles  with  observed  behavioral  estrus, 
obtained  in  this  experiment  was  greater  compared  with  the  64%  and  65%  for 
the  third  and  fourth  PP  estrus  reported  by  Carroll  et  al.  (1990). 


188 


O) 


to  W 

^ o 

is 

o CO 

CD  m 
SI  2 

c 

® e 

T)  C 
C © 

3 Q. 

CO  ^ 

£ 5 

S-o 

8® 

• MB* 

(0  ^ 

^ a 

CD  - 

^ •- 
5 CD 

CD  *S 

0 2 

a.  (D 

CD  2 

8-s 

® ® 

-Q 
(0 
"O 

w 5 

CL  (D 
■O  “O 

CO  ^ 

1 ® 

13  *B 

8 2 

® c . 

»-  CD  ^ 

2 y -D 


cn 

0 

O) 


(/) 

c 


O 2 

o CO 


S ^ 

E coi5 


^ 8 E 
® >,.3 
JD  o 
CO  CO  CO 
1-  T3  O 


CO 

LL 

CsJ 

c\i 


•D  2 

B 8 
-2 


E 

3 

O 

O 

< 


(/) 

CD 

C3) 

O 


lO 

O) 

CO 

• 

^ . 
• 

• 

00 

CM 

• 

CJ> 

CO 

o> 

^r“ 

T“ 

T“ 

o 

• 

o 

• 

o 

• 

CM 

• 

.003 

CO 

8 

• 

.002 

CM 

CO 

• 

a> 

CD 

O) 

lO 

CO 

CM 

CO 

CM 

O 

-t— 

o 

O 

lO 

lO 

r^ 

t— 

00 

CM 

CM 

CO 

T- 

00 

h- 

CD 

CO 

CO 

CO 

lO 

CM 

T“ 

h- 

00 

’M’ 

CD 

o 

00 

00 

o 

CD 

CD 

CM 

CM 

CO 

00 

CD 

CO 

LO 

o 

1“ 

00 

IT) 

CM 

CM 

CO 

CO 


CO 
X) 

o 

CsJ  ^ 

o ^ 


E± 


o 

CVJ 


CsJ 

Li. 

O 

Ql 


CD)  — 
C X3 

. O 
CO  *C 

2?  CD 
^ CO  n 
Q “D  i3 


(O 

>1 

CO 


CO 

0) 

2 2 

2 ■§ 


189 

Few  studies  have  been  carried  out  concerning  the  effects  of  fat 
supplementation  on  reproductive  performance  of  lactating  dairy  cows. 

Schneider  et  al.  (1988)  reported  an  Increase  in  conception  at  first  service  from 
43.1%  for  control  cows  to  60.5%  for  cows  receiving  CaLCFA  mixed  at  2.5%  of 
diet  DM.  Furthermore,  86.8%  of  the  cows  fed  supplemental  fat  were  pregnant 
at  the  end  of  the  experiment  compared  with  72.3%  of  control  cows.  By  feeding 
a combination  of  bypass  fat  and  protein  (corn  gluten  meal  coated  with  CaLCFA) 
to  lactating  cows,  Sklan  and  Tinsky  (1993)  found  that  conception  rate  at  first  Al 
after  60  d PP  was  improved  from  58.5  to  70.9%  by  adding  the  bypass 
supplement,  and  that  difference  remained  until  90  d PP.  No  difference  was 
detected  in  percent  conception  rate  at  second  Al,  nor  in  cows  pregnant  at  150 
d PP.  However,  in  a previous  report  (Sklan  et  al.,  1991),  conception  response 
to  CaLCFA  was  mainly  at  the  second  Al  (42.6  vs.  25.0%),  and  that  difference 
was  maintained  at  150  d after  calving  (82.4  vs.  62.5%  for  CaLCFA-fed  and 
control  cows,  respectively).  The  cause  of  lowered  conception  rates  in  the  first 
compared  with  the  second  service,  according  to  the  authors,  was  a greater  BW 
loss  that  reached  a maximum  at  32  d PP  in  the  cows  supplemented  with 
CaLCFA.  Other  reports  manifested  no  impact  (Carroll  et  al.,  1990)  or  a 
decrease  in  conception  rates  (Lucy  et  al.,  1992)  of  cows  when  fat  was  added  to 
the  diets. 

Feeding  diets  containing  different  concentrations  of  degradable  protein 
and  CaLCFA  affected  the  productive  and  reproductive  performance  of  the 
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Behavioral  estrus  signs  within  5 d of  PGFg,  injection. 

Only  pregnant  cows  included  in  these  analyses. 

Percentage  of  cows  detected  in  estrus  according  to  plasma  P4  concentrations. 
Cows  that  conceived  within  1 20  d after  calving  -f  of  number  of  cows  serviced. 
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lactating  Holstein  cows  during  the  first  120  d of  lactation.  During  early  lactation 
(first  5 to  7 wk),  protein  degradability  seems  to  be  an  important  factor  limiting 
animal  production  and  reproductive  performance.  Increasing  the  degradability 
of  the  protein  in  the  diet  from  55  to  76%,  resulted  in  a lower  DMI,  milk 
production,  energy  status,  and  ovarian  activity  during  the  first  50  d PP  (Figures 
4-2,  4-3,  4-8,  4-14,  4-15,  4-16  and  Tables  4-4,  4-8,  4-9,  4-10).  Several  potential 
mechanisms  by  which  diets  containing  low  DIP  concentrations  can  enhance 
performance  of  the  lactating  dairy  , cow  include  1)  changes  in  ruminal 
fermentation  patterns  as  a result  of  providing  essential  nitrogenous  compounds 
(AA  and  peptides)  that  will  improve  microbial  growth  and  yield  (Argyle  and 
Baldwin,  1989;  Clark  et  al.,  1992),  possibly  associated  with  improved  fiber 
digestibility  (Harris  et  al.,  1992;  Oldham,  1984;  Garnsworthy,  1989;  Hoover  et 
al.,  1989),  although  it  is  impossible  to  account  for  all  changes  observed,  2) 
increasing  the  production  of  glycogenic  substrates  absorbed  from  the  rumen  by 
reducing  the  A:P  (Hoover  et  al.,  1989)  due  to  the  contribution  of  unsaturated 
fatty  acids  in  some  of  the  ruminally  undegradable  protein  sources  such  as  fish 
meal  (NRC,  1982),  3)  increases  in  amount  and  rate  of  absorption  of  AA  and 
peptides  from  the  portion  of  dietary  protein  that  escapes  ruminal  degradation 
(Gardner,  1984,  1988;  Keery  et  al.,  1993),  4)  providing  an  AA  profile  similar  to 
that  required  for  production,  avoiding  excessive  protein  tissue  mobilization 
(Mantysaari  et  al.,  1989),  and  5)  producing  changes  in  concentrations  of 
circulating  hormones  (principally  insulin  and  glucagon)  due  to  absorption  of 
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ruminal  propionate  (Sejrsen  and  Neimann-Sorensen,  1982)  which  are  important 
in  whole  body  metabolism  and  reproduction  (Poretsky  and  Kalin,  1987). 

Inclusion  of  animal  byproducts  (principally  blood  meal,  meat  and  bone 
meal,  and  to  a lesser  extent,  fish  meal  and  feather  meal)  as  less  degradable 
protein  feedstuffs,  not  only  might  have  increased  the  amount  of  dietary  AA  that 
were  available  for  absorption,  but  also  provided  a profile  of  AA  to  be  absorbed 
similar  to  the  profile  resulting  from  the  breakdown  of  labile  protein  depots 
(mainly  muscle).  This  type  of  supply  may  spare  the  mobilization  of  tissue 
protein  for  milk  synthesis  or  a possible  balance  between  anabolic  and  catabolic 
processes  at  the  tissue  level.  Cows  can  mobilize  up  to  15  kg  of  tissue  protein 
in  the  first  60  d PP  (NRC,  1989).  These  effects  would  result  potentially  in 
reduction  of  BW  loss,  therefore  promoting  a less  NES  resulting  in  a sooner 
initiation  of  ovarian  activity  PP.  Although  it  has  been  proposed  that  composition 
of  body  tissue  mobilized  early  in  lactation  contains  a high  proportion  of  fat  and 
a low  proportion  of  protein  (Oldham,  1984;  Botts  et  al.,  1979;  NRC,  1989),  it  is 
important  to  note  that  muscle  tissue  is  composed  mainly  of  water  (75%), 
whereas  adipose  tissue  has  a low  moisture  content  (less  than  50%).  Therefore, 
breakdown  of  muscle  tissue  will  cause  a greater  impact  on  BW  loss  than  a 
similar  amount  of  adipose  tissue.  Furthermore,  when  adipose  tissue  is 
mobilized  from  the  original  depots,  a great  deal  of  it  will  be  relocated  in  several 

t 

organs  and  tissues,  provoking  fat  infiltration  in  liver  and  muscle  (Roberts  et  al., 
1979):  whereas,  when  muscle  protein  is  mobilized,  most  of  the  AA  entering 
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blood  will  be  absorbed  and  utilized  by  the  liver  and  mammary  gland,  causing  an 
irreversible  loss.  A third  of  liver  cell  volume  (29.9%)  was  occupied  by  fat,  and  a 
net  reduction  of  about  20%  in  muscle  fiber  area  of  dairy  cows  were  detected  in 
samples  taken  at  wk  1 and  wk  8 after  calving  (Roberts  et  al.,  1979). 
Garnsworthy  (1989)  also  concluded  that  cows  given  diets  high  in  fiber, 
responded  to  supplementation  with  highly  undegradable  protein  source  with  an 
increase  in  milk  production  accompanied  by  retention  of  protein  with  associated 
water,  resulting  in  very  little  change  in  BW.  Britt  et  al.  (1988)  reported  that  gilts 
realimented  with  diets  of  greater  protein  concentration  began  cycling  4 wk 
sooner  (42  vs.  70  d)  after  onset  of  feeding  dietary  treatments  compared  with 
those  given  the  low  protein  diet,  inferring  that  the  acyclic  condition  may  be 
related  more  to  depletion  of  body  protein  reserves  than  body  fat. 

Increasing  the  amount  of  mobilized  AA  also  provides  glucose  via 
gluconeogenesis,  resulting  in  more  glucose  in  peripheral  circulation,  and 
temporal  stimulation  of  insulin  secretion.  Elevation  in  plasma  insulin 
concentrations  also  can  result  from  increased  propionate  production  in  the 
rumen.  The  metabolic  effects  of  insulin  are  anabolic  in  nature,  stimulating  the 
uptake  of  nutrients  by  peripheral  tissues.  In  cows  consuming  the  55DIP  diets, 
there  was  an  increase  in  plasma  insulin  (Figure  4-10)  suggesting  a decrease  in 
tissue  mobilization  or  an  increased  rate  of  tissue  accretion  compared  to  tissue 
breakdown  (Figure  4-6).  Added  fat  to  the  55DIP  diet  increased  plasma  NEFA 
concentrations  probably  due  as  a direct  effect  of  greater  fatty  acids  being 
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absorbed  from  the  intestine  and  to  a limited  capacity  of  the  adipose  tissue  (low 
insulin)  to  store  them  than  to  an  increase  in  adipose  tissue  breakdown.  This  is 
supported  by  a similar  rate  in  BW  change  compared  with  cows  fed  the  55DIP 
diet  without  supplemental  fat  during  the  first  10  wk  PP.  However,  BW  increased 
appreciably  in  55DIP  diet  due  to  fat  addition  after  10  wk.  Feeding  diets 
containing  high  DIP  concentrations  increased  BW  loss  (Figure  4-6). 

Partitioning  of  nutrients  originated  from  the  diet  or  from  tissue 
mobilization  will  be  oriented  primarily  for  essential  body  metabolic  processes 
(Bauman  and  Currie,  1980;  Britt  et  al.,  1988).  After  these  demands  are  met, 
needs  for  other  body  processes  such  as  growth,  reproduction,  and  lactation 
can  be  met.  Therefore,  nutrients  partitioned  for  growth,  reproduction,  and 
lactation  are  regulated  by  very  dynamic  mechanisms  that  vary  depending  on 
maturity,  reproductive  status,  and  body  composition.  Loss  of  BW  during  early 
lactation  due  to  greater  nutrient  demand  will  bring  the  cow  under  nutrient 
shortage,  halting  reproductive  function  until  metabolic  sensors  detect  that  the 
body  has  reached  the  energy  status,  composition,  or  condition  necessary  to 
engage  in  other  physiological  processes  besides  maintenance  and  lactation.  It 
appears  that  mammary  function  has  metabolic  priority  over  ovarian  function 
(Britt  et  al.,  1988).  Once  the  cow  stops  depleting  those  labile  nutrient  reservoirs 
mobilized  during  nutrient  shortage,  the  reproductive  system  will  begin 
functioning.  Dry  matter  intake  and  consequently,  energy  intake,  becomes  the 
principal  factor  determining  how  soon  those  mobilized  stores  will  be 
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replenished.  The  lower  the  DMI,  the  later  cows  cycled  after  parturition.  This 
has  been  demonstrated  clearly  by  Staples  et  al.  (1990)  and  Lucy  et  al.  (1992). 
Dry  matter  intake  is  related  more  closely  to  energy  status  than  is  milk  yield 
(Villa-Godoy  et  al.,  1988;  Staples  et  al.,  1990). 

The  effect  of  energy  status  on  recrudescence  of  PP  ovarian  activity 
involves  the  reestablishment  of  a normal  LH  pulse  frequency  (Buttler  and  Smith, 
1989;  Foster  et  al.,  1988).  Average  pulse  amplitude  of  LH  on  day  10  PP  was 
associated  positively  with  energy  status  of  lactating  dairy  cows  (Lucy  et  al., 
1991b).  During  early  lactation,  low  circulating  insulin  concentrations  have  been 
associated  with  lack  of  ovarian  activity  (Buttler  and  Smith,  1989).  They 
concluded  that  energy  status,  operating  through  a number  of  interrelated 
pathways  involving  opiates  and  insulin,  is  largely  responsible  for  regulating  the 
LH  pulse  patterns  that  are  crucial  for  the  onset  and  timing  of  PP  ovarian 
function.  Foster  et  al.  (1988)  found  that  when  lambs  were  feed-restricted,  LH 
pulse  frequency  decreased,  and  that  an  increase  in  LH  pulse  frequency  was 
obtained  within  2 d after  return  to  ad  libitum  feeding;  also  associated  with  an 
increase  in  BW.  Authors  also  determined  that  parental  supplementation  of 
glucose  and  AA  prevented  the  decrease  in  LH  pulse  frequency  caused  by 
restricted  intake.  The  authors  gave  credit  for  the  response  to  both  nutrients  in 
the  infusion  by  their  effect  on  energy  metabolism.  Glucose  could  have  triggered 
the  response  by  its  effect  on  insulin;  and  the  AA,  through  alteration  in  AA 
profiles  present  in  peripheral  circulation  as  well  as  their  availability  as  precursors 
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for  monoamino  neurotransmitters  synthesis,  involved  in  GnRH  secretion.  Loss 
of  BW  in  early  lactation  by  high  yielding  cows  as  a consequence  of  a NES  has 
been  reported  to  reduce  plasma  LH  concentrations  (Terqui  et  al.,  1982)  and 
fertility  (Smidt  and  Parries,  1982;  Sejrsen  and  Neimann-Sorensen,  1982).  The 
importance  of  insulin  on  ovulation  rate  and  of  protein  supplementation  in  the 
restoration  of  ovarian  function  has  been  reported  in  gilts  (Britt  et  al.,  1988). 
Exogenous  insulin  and  high  energy  diets  increased  the  ovulation  rate  in  gilts  by 
increasing  the  number  of  LH  pulses  in  blood.  It  was  proposed  that  insulin 
affected  ovulation  rate  by  rescuing  follicles  that  would  otherwise  become  atretic 
through  its  effect  on  final  stages  of  maturation  of  granulosa  cells. 

Fat  supplementation,  on  the  other  hand,  may  impact  production 
responses  in  the  dairy  cow  by  affecting  1)  fermentation  products,  2)  increasing 
microbial  synthesis  and  subsequently,  available  protein  for  absorption,  and  3) 
providing  precursors  for  reproductive  hormone  synthesis  (e.g.  cholesterol)  and 
milk  fat  synthesis,  and  4)  as  energy  source.. 

The  effect  of  dietary  fat  supplementation  on  production  or 
concentration  has  been  reported  (Talavera  et  al.,  1985;  Carroll  et  al.,  1990; 
Wehrman  et  al.,  1991;  Grummer  and  Carroll,  1991;  Carroll  et  al.,  1992). 

Usually,  fat  supplementation  results  in  an  increase  in  plasma  cholesterol  and 
related  lipoprotein  concentrations  (Storry  et  al.,  1980;  Carroll  et  al.,  1992),  and 
subsequently  in  P4  concentrations  (Carroll  et  al.,  1990).  High  concentrations  of 
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plasma  P4  has  been  related  to  improved  fertility  (Folman  et  al.,  1983)  and 
indicative  of  luteal  function  (Carroll  et  al.,  1990). 

The  negative  effect  of  feeding  elevated  amounts  of  degradable  protein  on 
recrudescence  of  ovarian  activity  is  typical  to  that  reported  for  the  negative 
effects  of  NES  experienced  by  lactating  dairy  cows  in  early  PP.  Extent  of  NES 
is  one  of  the  most  important  factors  affecting  return  to  normal  ovarian  activity 
after  calving.  First  ovulation  was  pushed  back  an  average  of  2.75  d for  every  1 
Meal  of  NES  experienced  during  the  first  20  d PP  (Butler  et  al.,  1981.)  Can  the 
feeding  of  excess  protein  result  in  significant  energy  costs  to  the  cow  or 
compromise  normal  energy  yielding  pathways  to  uncouple  energy  metabolism? 
Two  logical  hypotheses  can  be  made. 

The  metabolism  of  protein  in  the  rumen  leading  to  the  liberation  of 
ammonia  increases  the  work  load  on  the  liver  as  it  detoxifies  the  ammonia  to 
urea.  The  energy  cost  involved  in  that  process  and  the  excretion  of  one  gram 
of  N in  the  urine  represents  5.45  kcal  (Blaxter,  1962).  At  3 wk  PP,  cows  were 
consuming  approximately  340  g of  CP  beyond  that  required  for  milk  production 
and  maintenance  (NRC,  1989).  At  .2  Meal  of  energy  expended  per  100  g 
excess  CP  intake,  energy  loss  would  approximate  .7  Mcal/d  which  is  about 
14%  of  the  average  energy  status  of  cows  (-5  Mcal/d).  Excess  CP  intake  had 
climbed  to  1600  g by  6 wk  PP  resulting  in  a potential  energy  expenditure  of  3.2 
Mcal/d. 
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Increasing  the  amount  of  ammonia  absorbed  from  the  rumen,  also  will 
result  in  energy  expenditure.  Once  ammonia  diffuses  through  the  ruminal  wall 

and  is  absorbed  by  the  tissues,  the  acidic  intracellular  condition  will  cause  NH3 

* 

to  be  ionized  (NH4‘^),  and  thus  trapped  inside  the  cell.  Once  ionized, 
ammonium  will  leave  the  cell  through  some  of  the  known  N-carrier  compounds 
such  as  glutamine,  alanine,  or  glutamate.  Hanssinger  (1990,  cited  by  Elrod  and 
Butler,  1 993)  reported  that  ammonia,  which  escapes  detoxification  by  the  liver 
through  the  urea  cycle  system,  is  prevented  from  entering  peripheral  circulation 
usually  by  a very  active,  high  affinity  perivenous  glutamine  synthetase  system. 
Therefore,  ammonium  ion  has  to  be  incorporated  into  a-ketoglutarate  to 
synthesize  glutamate  by  the  enzyme  glutamic  dehydrogenase,  a step  requiring 
energy  as  NADH  ^ . Glutamine,  a N carrier,  will  be  used  then  to  ship  ammonia 
out  of  the  cell.  Glutamine  is  synthesized  from  glutamate  by  glutamine 
synthetase,  a step  that  requires  one  mole  of  ATP.  In  the  condition  where  large 
amounts  of  NH3  accumulate  in  tissues,  a great  deal  of  a-ketoglutarate  will  be 
taken  out  of  the  tricarboxylic  acid  cycle,  and  possible  lessen  ATP  production. 
The  utilization  of  these  intermediates  and  precursors  of  the  tricarboxylic  cycle 
can  interfere  with  intermediary  metabolism  (Prior  et  al.,  1970;  Visek,  1984).  It  is 
known  that  the  urea  cycle  and  the  tricarboxylic  acid  cycle  are  interconnected 
because  they  share  common  intermediates  (e.g.,  fumarate,  a-ketoglutarate).  An 
inhibition  of  gluconeogenesis  independent  of  the  rate  of  urea  synthesis  but 
dependent  on  the  presence  of  high  amounts  of  ammonium  ions  can  occur 
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(Hibbitt,  1988).  Cells  exposed  to  high  concentration  of  ammonia  can  become 
internally  energy  deficient  (ATP  deficiency)  due  to  the  use  by  the  urea  cycle  or 
the  shipment  out  of  the  cell  (to  the  liver)  of  a-ketoglutarate  molecules.  This 
derangement  in  intermediary  metabolism  and  the  energetic  cost  are  likely 
mechanisms  of  how  high  DIP  diets  might  affect  productive  and  reproductive 
performance  of  lactating  cows. 

The  feeding  of  excess  protein  or  highly  degradable  protein  has  interfered 
with  intermediary  metabolism  of  ruminants.  In  experiments  where  animals  were 
induced  toward  hyperammonemia,  certain  plasma  and  liver  concentrations  of 
Kreb  Cycle  intermediates  and  enzymes  important  in  amino  acid  catabolism  were 
changed.  Lambs  fed  soybean  meal  had  greater  plasma  concentrations  of  a- 
ketoglutarate,  isocitrate  dehydrogenase,  lactate  dehydrogenase,  glutamic 
oxaloacetic  transaminase,  and  glutamic  pyruvic  transaminase  compared  with 
lambs  fed  urea  at  4.2%  of  diet  DM  (Prior  et  al.,  1970).  Plasma  concentrations 
of  a-ketoglutarate  and  pyruvate  also  were  increased  in  ponies  dosed  with  454  g 
urea  and  rats  injected  with  crystalline  jackbean  urease  (Clifford  et  al.,  1972). 
Liver  concentrations  of  glucose  and  nicotinamide  adenine  dinucleotide  were 
elevated  in  lambs  fed  urea  compared  with  those  fed  soybean  meal  (Prior  et  al., 
1970).  These  changes  have  contributed  toward  elevated  blood  glucose 
concentrations  in  rats  (Clifford  et  al.,  1972),  lambs  (Clifford  et  al.,  1972),  and 
steers  (Spires  and  Clark,  1979;  Fernandez  et  al.,  1988).  Another  indication  that 
feeding  high  amounts  of  CP  affect  energy  metabolism  is  the  greater  incidence 
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of  ketosis  (75  vs.  50  vs.  10%)  in  lactating  cows  fed  30  or  20%  CP  compared  to 
those  fed  14%  CP  (Hibbitt,  1988). 

Conclusions 

Cows  in  the  present  study  fed  76DIP  diets  showed  signs  of  experiencing 
energy  problems.  Cows  fed  76D1P  diets  lost  twice  the  BW  of  cows  fed  the 
55DIP  diets.  Therefore  a greater  proportion  of  milk  produced  was  supported  by 
nutrients  derived  from  body  tissue  stores.  Thus  these  cows  were  experiencing 
a more  severe  homeorhetic  state  which  may  have  led  directly  to  a delay  to 
initiate  a physiological  function  of  lower  priority,  namely  reproduction.  Insulin 
concentrations  were  lower  throughout  the  study  period  indicating  that  cows 
were  in  less  of  an  energy  storage  mode.  The  fact  that  feeding  CaLCFA  along 
with  76D1P  diet  helped  to  reduce  some  of  the  negative  effects  implies  that  the 
negative  effects  were  of  energy  origin.  By  supplementing  CaLCFA  to  cows  fed 
the  76DIP  diet,  rate  of  return  to  positive  energy  status  was  improved,  plasma 
concentrations  of  NEFA  were  substantially  lower  the  first  2 wk,  number  of  CL 
were  doubled,  days  to  first  rise  in  P4  was  reduced  by  6 d,  the  length  of  the  first 
luteal  phase  was  nearly  doubled,  peak  plasma  P4  concentration  doubled,  and 
accumulated  plasma  P4  concentrations  nearly  doubled. 


CHAPTER  5 

EFFECT  OF  DIETARY  PROTEIN  DEGRADABILITY  AND  CALCIUM  SALTS 

OF  LONG-CHAIN  FATTY  ACIDS  ON  BLOOD  CONSTITUENTS  AND 
IMMUNE  RESPONSE  BY  LACTATING  DAIRY  COWS 

Introduction 

Stress  is  associated  commonly  with  reduction  of  resistance  to  infections 
(Wegner  et  al.,  1976;  Breazile,  1988).  Generally,  stress  has  been 
demonstrated  to  result  in  increased  production  of  adrenocorticotropic  hormone 
(ACTH)  which  will  stimulate  the  secretion  of  glucocorticoids  by  the  adrenal 
cortex.  Glucocorticoids  will  in  turn  enhance  the  synthesis  of  peptide  hormones 
(lipocortins)  that  limit  activation  of  phospholipase  Aj.  The  function  of 
phospholipase  Aj  is  to  release  arachidonic  acid  from  the  cell  membrane  in 
order  for  other  enzymes  to  produce  prostaglandins,  thromboxanes,  and 
leukotrienes,  which  are  the  agents  of  cellular  and  humoral  immune  responses 
(Breazile,  1988). 

Dietary  fat  has  been  related  to  partial  depression  in  immune  response 
due  to  its  interference  with  prostaglandin  and  leukotriene  synthesis  (Galdiero  et 
al.,  1991;  Logas  et  al.,  1991;  Chang  et  al.,  1991;  Hubbard  et  al.,  1991). 
However,  the  possible  relationship  between  dietary  fat  and  incidence  of 
pathological  conditions  have  not  been  studied  in  lactating  cows. 
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Elevated  cx)ncentrations  of  ammonia  gasses  have  been  related  to 
respiratory  diseases  and  increased  mortality  in  chicks  and  calves  (Visek,  1984; 
WHO,  1986).  Elevated  air  ammonia  concentrations  weakened  the  resistance  of 
the  animals,  creating  conditions  for  the  development  of  secondary  infections, 
resulting  in  an  increase  in  calf  mortality  (WHO,  1986).  Ammonia  is  a product  of 
ruminant  digestion  generated  by  solubilization  and  microbial  degradation  of 
dietary  protein  and  nonprotein  nitrogen  (e.g.  urea).  Under  these  conditions, 
concentrations  of  ammonia  can  rise  rapidly  and  accumulate  in  the  ruminal  fluid, 
resulting  in  an  increase  in  pH.  Rate  of  absorption  of  ammonia  through  the 
rumen  wall  will  be  a direct  function  of  ruminal  pH,  that  is,  a less  acidic  pH 
promotes  ammonia  absorption  because  of  the  shift  from  ammonium  ion  (less 
mobile)  to  ammonia.  Absorbed  ammonia  passes  to  the  liver  by  portal 
circulation  where,  depending  upon  liver  capabilities,  will  be  converted  to  urea.  If 
absorption  of  ammonia  into  the  circulation  exceeds  the  maximum  capacity  of 
the  liver  to  detoxify  it,  ammonia  will  accumulate  in  several  tissues  to  protect  the 
central  nervous  system.  Ammonia  is  also  an  end  product  of  protein  metabolism 
by  the  liver  such  as  in  gluconeogenesis.  Excess  ammonia  has  been  blamed  to 
be  responsible  for  reduced  fertility  and  reproductive  performance  in  dairy  cows 
(Ferguson  and  Chalupa,  1989;  Jordan  et  al.,  1983;  Holtz  et  al.,  1986;  Johnson 
et  al.,  1986;  Ferguson  et  al.,  1988).  Besides  the  proposed  negative  effect  of 
ammonia  on  events  in  the  reproductive  tract,  ammonia  has  been  shown  to  alter 
blood  constituents  and  the  immune  system.  Kirkpatrick  et  al.  (1972,  1973) 
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observed  that  during  ammonia  toxicity  in  sheep,  alkalosis  occurred  initially, 
followed  by  systemic  acidosis  due  to  hyperventilation.  An  increase  in  blood 
glucose  and  red  blood  cells  (RBC),  with  a concomitant  decrease  in  white  blood 
cell  (WBC)  count,  also  was  observed.  No  substantial  changes  were  registered 
in  mean  corpuscular  volume  (MCV),  mean  corpuscular  hemoglobin  (MCH),  or 
mean  corpuscular  hemoglobin  concentrations  (MCHC). 

It  has  been  proposed  that  high  blood  nitrogen  concentrations  due  to 
high  intakes  of  dietary  protein  may  impair  the  immune  system  (Anderson  and 
Barton,  1988).  Incidence  of  reproductive  disorders  in  lactating  cows  fed  a 20% 
CP  diet  was  greater  (17/27  vs.  12/29)  compared  with  cows  fed  a 13%  CP  diet. 
First  PP  ovulation  was  delayed  in  unhealthy  cows  fed  the  high  CP  diet 
compared  with  cows  with  the  same  condition  but  fed  the  low  CP  diet  (31  vs.  16 
d).  Days  to  first  ovulation  in  healthy  cows  was  not  affected  by  protein 
concentration  in  the  diet. 

Targowski  et  al.  (1983/1984)  studied  the  effect  of  ammonia  concentration 
in  the  air  on  the  immune  system  of  guinea  pigs.  The  delay  in  hypersensitivity 
dermal  responses  of  those  animals  exposed  to  ammonia  was  significantly  less 
than  controls.  Furthermore,  lymphocyte  responsiveness  to  mitogens  was 
decreased  when  exposed  to  ammonia.  Following  up  the  same  research  area, 
Klucinski  and  Targowski  (1984)  proved  that  toxic  concentrations  of  ammonia  in 
the  culture  media  (10  to  100  tig/m\)  reduced  viability  and  mitogenic  responses 
of  all  mammalian  and  avian  lymphocytes,  but  subtoxic  (5  to  10  /ig/ml) 
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concentrations  of  ammonia  affected  only  bovine,  equine,  and  avian 
lymphocytes.  Subtoxic  concentrations  of  ammonia  can  make  animals  more 
susceptible  to  infections  by  depressing  cellular  immunity. 

In  a final  and  more  detailed  study,  (Targowski  et  al.,  1983/1984), 
ammonia  concentrations  were  used  which  varied  from  toxic  (>  20  Aig/ml),  to 
subtoxic  (<  20  /rg/ml  but  more  than  normal),  to  normal  (.8  to  2.5  /rg/ml) 
concentrations.  Ammonia  either  killed  bovine  lymphocytes  or  permanently 
impaired  their  function  based  on  viability  and  blastogenesis. 

Based  on  in  vitro  results,  elevated  concentrations  of  circulating  ammonia 
may  weaken  an  animal’s  immune  response  to  infections,  increasing  their 
susceptibility  to  diseases.  Carroll  et  al.  (1988)  related  the  incidence  of  various 
reproductive  and  infectious  diseases  to  diets  containing  13  or  20%  CP.  First 
lactation  cows  with  uterine  infections  that  were  fed  20%  CP  diets  required  more 
days  (38.6  d)  to  first  estimated  ovulation  compared  with  those  fed  the  low  CP 
diet  (17.6  d).  This  phenomenom,  however,  was  not  repeated  in  older  cows. 
Carroll  et  al.  (1988)  concluded  that  immunoreactivity  can  be  compromised  by 
high  ammonia  concentrations  due  to  feeding  high  CP  diets,  emphasizing  that 
more  research  is  needed  in  this  area. 

Phytohemagglutinin  (PHA)  is  a lectin  present  in  the  aqueous  extract  from 
the  red  kidney  bean  (Phaseolus  vulgaris),  which  causes  erythroagglutination 
and  stimulates  RNA  and  DNA  synthesis  (mitogenic)  in  lymphocytes  (Wimer, 
1990).  It  has  been  used  extensively  to  test  immune  competence  via  a skin  test 
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in  humans  (Zuckerman  and  LoBuglio,  1977),  chicks  (Corner  and  DeLoach, 
1990),  and  ruminants  (Veksler  et  al.,  1992).  The  test  consists  of  an  intradermal 
injection  of  lectin  which,  in  a normal  individual,  attracts  mononuclear  cells  to  the 
site  of  injection.  This  reaction  transcends  to  the  activation  of  the  mononuclear 
cells  and  the  release  of  lymphokines  that  induce  local  erythema  and 
inflammation  of  the  area,  reaching  a maximum  at  24  h (Zuckerman  and 
LoBuglio,  1977).  The  reaction  has  the  characteristic  to  be  immunologically 
nonspecific  and  independent  of  prior  sensitization.  A lack  of  response 
represents  immunosuppressive  effects  of  certain  conditions  as  infections 
(Wimer,  1990).  On  the  other  hand,  PHA  stimulation  of  cellular  immune 
responses  in  vitro  has  been  used  as  one  of  the  mitogenic  substances  in  routine 
laboratory  procedures. 

Objectives  of  this  experiment  were  to  assess  blood  profiles  and  in  vivo 
and  in  vitro  response  to  PHA  challenge  as  affected  by  protein  degradability  and 
fat  supplementation  of  diets  fed  to  lactating  Holstein  cows. 

Materials  and  Methods 

Experimental  Animals 

Lactating  cows  (n  = 25;  average  DIM  = 112  d)  were  selected  randomly 
from  a larger  factorial  experiment  (Chapter  4;  n = 20)  and  from  the  general 
herd  (n  = 5).  The  experiment  was  conducted  at  the  Dairy  Research  Unit, 
University  of  Florida,  located  at  Hague,  Florida. 
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Feedstuffs  used  and  chemical  composition  of  the  diets  being  consumed 
by  the  lactating  cows  at  the  time  of  the  blood  collection  and  immune  response 
challenge  are  presented  in  Tables  5-1  and  5-2.  Cows  were  fed  twice  daily  ad 
libitum. 

Delayed  Hvoersensitivitv  Test  (DHT) 

Immune  response  was  assessed  by  thickening  of  the  skin  fold  24  h after 
an  intradermal  injection  of  PHA  (.16  mg).  Skin  fold  thickness  was  measured 
three  times  with  a caliper  before  and  after  PHA  injection.  Average  difference 
was  used  for  statistical  analysis.  To  ensure  measurement  of  the  same  area 
during  the  test,  about  5 cm^  of  skin  was  shaved. 

Blood  Samples 

Whole  blood  (5  ml),  serum  (3  ml),  and  plasma  (3  ml)  samples  were 
obtained  by  jugular  venipuncture  into  sterile  tubes  at  the  time  of  PHA 
intradermal  injection,  and  analyzed  immediately.  A separate  serum  sample  from 
each  cow  was  kept  frozen  at  -20  • C to  be  used  in  the  in  vitro  lymphocyte 
stimulation  test.  Blood  samples  were  taken  after  milking  and  before  the 
morning  feeding,  although  herd  cows  received  some  feed  before  samples  were 
taken. 

* 

Blood  Constituents 

Serum  constituents  were  determined  by  means  of  a Boehringer 
Mannheim  Diagnostics/Hitachi  737  instrument,  which  is  a fully  automated, 
dichromatic,  discrete,  computerized  chemical  analyzer,  intended  for  in  vitro 
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diagnostic  use  in  the  quantitative  determination  of  the  following  serum 
constituents:  glucose,  total  protein,  albumin,  globulin,  cholesterol,  bilirubin, 
serum  glutamic-oxaloacetic  transaminase  (GOT),  serum  glutamic-pyruvic 
transaminase  (GPT),  7-glutamyl  transferase  (7GT),  alkaline  phosphatase, 
creatinine,  Na,  K,  Cl,  Ca,  and  P.  The  complete  blood  cell  count  (CBC)  and 
white  cell  differentiation  counts  were  determined  from  whole  blood  by  using  a 
Technicon  H*!™  system,  which  is  a software-based  system  sample  analyzer. 
For  each  sample,  the  system  determined  WBC,  RBC,  hemoglobin  (Hb), 
hematocrit  (Ht),  MCV,  MCH,  MCHC,  plus  a WBC  differential  test  providing  the 
percentages  of  neutrophils,  lymphocytes,  eosinophils,  monocytes,  basophils, 
and  platelets.  Plasma  ammonia  (PNH3)  was  determined  (within  24  h of 
collection)  on  weekly  plasma  samples  by  a modified  Chaney  and  Marbach 
(1963)  concentrated  reagents  technique,  as  described  in  Chapter  4.  Plasma 
urea  concentrations  were  determined  using  a commercial  kit  (Procedure 
number  640,  Sigma  Chemical  Co.,  St.  Louis,  MO). 

Support  of  Lymphocyte  Stimulation  by  Serum 

Procedure  utilized  was  that  of  Low  and  Hansen  (1988).  Blood  samples 
from  a single  donor  (DIM  = 119  d)  were  collected  via  jugular  venipuncture  into 
heparinized  sterile  tubes  and  centrifuged  for  20  min  at  400  x g to  obtain  the 
buffy  coat.  After  removal,  buffy  coat  was  mixed  by  aspiration  with  2 ml  of 
Dulbecco’s  modified  eagles  medium  (DMEM;  Sigma  Chemical  Co.,  St.  Louis, 
MO)  in  a culture  tube,  and  layered  without  mixing  on  top  of  4 ± .5  ml  of  Ficoll- 
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Histopaque  1077  (density  1.077  g/ml;  Sigma,  St.  Louis,  MO)  placed  in  an 
extraction  tube,  and  centrifuged  for  30  min  at  400  x g.  The  interphase  was 
mixed  with  2 ml  of  DMEM,  centrifuged  for  10  min  at  530  x g,  and  the  pellet  of 
purified  lymphocytes  was  resuspended  in  2 to  4 ml  of  RPMI-1640  (Sigma,  St. 
Louis,  MO).  After  centrifugation  for  10  min  at  530  x g,  pellet  was  resuspended 
in  2 ml  of  RPMI-1640.  Concentration  of  cells  was  counted  in  a hemocytometer. 
Viability  was  determined  using  a .4%  Trypan  blue  solution.  The  stock  cell 
solution  was  diluted  to  1x10®  cells/ml  with  RPMI-1640. 

For  the  mitogen-induced  proliferation  test,  treatments  were  prepared  in  a 
96-well  culture  plate  in  quadruplicate  wells  (A,  B,  C,  and  D),  with  the  last  row 
used  to  determine  viability.  In  each  assay,  a negative  control,  consisting  of 
nonstimulated  cells  (lymphocytes,  no  mitogen,  no  serum  added)  was  included. 
Maximal  stimulation  treatment  consisted  of  lymphocytes,  mitogen  (.5  ng 
PHA/well;  PHA-L,  Sigma,  St.  Louis,  MO),  and  the  test  serum.  One  ml  of 
Pen/Strep  (10,000  u penicillin  and.  10  mg  streptomycin/ml)  and  1 ml  of  L- 
glutamine  (2.92  g L-glutamine  dissolved  in  100  ml  deionized  water)  were  added 
to  100  ml  of  RPMI-1640  solution.  Supplemented  calf  serum  (Hyclone 
Laboratories,  Inc.,  Logan,  UT)  in  concentrations  of  5 and  20%  was  used  as  a 
control.  Serum  samples  from  each  experimental  animal  replaced  calf  serum,  as 
the  test  treatments.  Culture  plates  were  placed  in  an  incubator  with  5%  COj  at 
37*C  for  48  h.  At  the  end  of  48  h,  ®H-Thymidine  (.1  /tCi/well  in  10  ml  RPMI- 
1640;  Amersham  Corporation,  Arlington  Heights,  IL)  was  added  to  each  well 
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except  viability  wells.  Culture  plates  were  incubated  for  an  additional  1 2 h,  after 
which  cells  were  harvested.  Cells  were  obtained  by  placing  a strip  of  Reeves 
Angel  paper  #934AHC  (Brandel  Cat.  No.  FP  - 30)  on  the  screens  of  the 
harvester,  and  flushing  the  wells  with  saline  followed  by  deionized  water.  The 
paper  was  allowed  to  dry  for  about  30  min,  put  into  a scintillation  vial,  and  4.0 
ml  scintiverse  II  added  to  be  counted. 

Viability  was  determined  by  adding  30  n\  of  .4%  Trypan  blue  solution  to 
each  viability  well  and  counted  on  a hemocytometer. 

Statistical  Analyses 

Data  were  analyzed  using  the  general  linear  models  procedures  (GLM)  of 
SAS  (SAS,  1988).  The  five  treatments  were  considered  as  a 2 x 2 factorial  plus 
a control  (Littell  et  al.,  1991).  Means  were  analyzed  further  with  four  orthogonal 
contrasts  to  determine  the  main  effects  of  protein  degradability  and  fat 
supplementation  in  the  factorial  arrangement  of  treatments,  plus  the  comparison 
of  the  mean  value  of  all  four  treatments  with  herd  cows. 

Results  and  Discussion 

Feedstuffs  utilized  in  all  diets  were  essentially  the  same,  with  the  only 
difference  being  the  supplemental. protein  source  (Table  5-1);  that  is,  for  the 
55%  DIP  diet,  with  or  without  fat  added,  the  protein  source  was  comprised  of  a 
byproducts  mix  containing  45%  corn  gluten  meal,  18.5%  blood  meal,  18.5% 
meat  and  bone  meal,  and  18%  fish  meal.  For  the  76%  DIP  diets,  soybean  meal 
and  urea  were  used  as  the  supplemental  N sources,  whereas  the  general  herd 
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Table  5-1.  Ingredient  composition  of  experimental  diets  with  different 
concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or 
2.2%  calcium  salts  of  long-chain  fatty  acids)  fed  to  lactating  Holstein  cows. 


Dietary  treatments 

Feedstuff, 
% DM 

20.3%  CP 
55DIP 
0%  Fat 

20.8%  CP 
55DIP 
2.2%  Fat 

20.7%  CP 
76DIP 
0%  Fat 

20.7%  CP 
76DIP 
2.2%  Fat 

16.5%  CP 
65DIP 
0%  Fat 

Corn  siiage 

34.2 

34.2 

34.2 

34.2 

19.5 

Alfalfa  hay 

13.6 

13.6 

12.2 

12.2 

11.9 

Whole  cottonseed 

7.6 

7.6 

8.5 

8.5 

13.9  • 

Ground  corn 

27.8 

25.6 

27.6 

25.3 

31.1 

Soybean  meal 

- 

- 

12.7 

12.7 

7.0 

Wet  brewers 
grain 

- 

- 

- 

- 

11.1 

Corn  giuten  meal 

6.10 

6.10 

- 

- 

- 

Fish  meal 

2.56 

2.56 

- 

- 

- 

Blood  meal 

2.56 

2.56 

- 

- 

- 

Meat  and  bone  meal 

2.53 

2.53 

- 

- 

- 

Megalac* 

- 

2.22 

- 

2.22 

- 

Urea 

- 

- 

.93 

.93 

- 

Sodium  bicarbonate 

.93 

.93 

.93 

.93 

- 

Trace  minerai  salt’ 

.60 

.60 

.54 

.54 

- 

Magnesium  oxide 

.22 

.22 

.22 

.22 

- 

Mineral  premix® 

.22 

.22 

.44 

.44 

5.5 

Ammonium  sulfate 

.25 

.25 

.33 

.33 

mm 

Calcium  phosphate 

- 

- 

1.20 

1.20 

- 

Monofos 

.22 

.22 

- 

- 

- 

Potassium  chioride 

.56 

.56 

.06 

.06 

- 

Total 

100 

100 

100 

100 

100 

’ Minimum  concentrations  of  30%  Ca,  7%  P,  .25%  Mn,  .12%  Cu,  .3%  Zn,  .0012%  Se,  660,000 
lU/kg  Vitamin  A,  28,600  lU/kg  Vitamin  D3,  1,100  lU/kg  Vitamin  E. 

* Minimum  concentrations  of  40%  Na,  55%  Cl,  .25%  Mn,  .2%  Fe,  .033%  Cu,.007%  I,  .005%  Zn, 
and  .0025%  Co. 
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Table  5-2.  Chemical  composition  of  experimental  diets  with  different 
concentrations  of  degradable  intake  protein  (DIP)  and  supplemental  fat  (0  or 
2.2%  calcium  salts  of  long-chain  fatty  acids)  fed  lo  lactating  Holstein  cows. 


Dietary  treatments 


Chemical 

Composition 

55DIP 
0%  Fat 

55D1P 
2.2%  Fat 

76DIP 
0%  Fat 

76DIP 
2.2%  Fat 

65DIP^ 
0%  Fat 

CP,  % DM 

20.3 

20.8 

20.7 

20.7 

16.5 

DIP  (%  CP)’ 

54.6 

ND^ 

75.7 

ND 

ND 

ADF,  % DM 

20.8 

20.8 

20.7 

20.7 

17.6 

NDF,  % DM 

32.7 

32.7 

32.5 

32.4 

29.2 

EE,  % DM 

4.77 

6.65 

4.62 

6.20 

5.89 

Ca,  % DM 

.88 

1.11 

.73 

.98 

.77 

P,  % DM 

.55 

.58 

.53 

.59 

.48 

Mg,  % DM 

.29 

.28 

.31 

.31 

.25 

K,  % DM 

1.31 

1.34 

1.37 

1.31 

1.00 

NE, , Mcal/kg^ 

1.67 

1.77 

1.67 

1.77 

1.69 

’ As  calculated  from  in  situ  degradabilities  of  totally  mixed  diets  without 
CaLCFA. 

^ ND  : Not  determined. 

® Calculated  values  from  formulated  diet. 
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diet  contained  wet  brewers  grain  in  addition  to  the  soybean  meal.  The  herd 
ration  did  not  contained  supplemental  CaLCFA. 

The  herd  diet  (65DIP)  had  a lower  protein  content  (16.5%;  Table  5-2), 
which  was  sufficient  to  support  33.5  kg  of  milk  per  day  (NRC,  1989)  which  was 
greater  than  herd  average.  Degradable  intake  protein  in  the  herd  diet  (65DIP) 
was  between  the  76DIP  and  the  55DIP  diets.  Noteworthy  is  the  fact  that  the 
control  diet  had  an  EE  content  closer  to  that  of  the  diets  containing  CaLCFA, 
due  to  the  larger  quantity  of  whole  cottonseeds  included  in  that  diet.  Cows  fed 
the  16.5%  CP  diet  received  a slightly  less  fibrous  diet  (slightly  greater  energy 
density)  due  to  a lower  corn  silage  content  in  the  diet.  Mineral  concentrations 
of  the  herd  diet  tended  to  be  slightly  lower  compared  with  the  other  diets  but 
were  above  NRC  (1989)  recommendations. 

Most  mean  blood  values  (Table  5-3)  were  within  the  range  of  normal 
values  published  (Duncan  and  Prasse,  1986;  Meyer  et  al.,  1992),  with  the 
exception  of  globulins  (3.0  to  3.5  g/dl)  and  cholesterol  (8  to  180  mg/dl),  which 
were  greater  than  the  upper  normal  values,  but  similar  to  globulin  values 
reported  for  cows  receiving  high  CP  diets  (4.42  to  5.12  g/dl;  Holter  et  al.,  1982) 
or  cholesterol  values  in  fat-supplemented  cows  (108  to  445  mg/dl;  Palmquist 
and  Conrad,  1978;  Smith  et  al.,  1978;  Kronfeld  et  al.,  1980;  DePeters  et  al., 
1989;  Drackley  and  Elliott,  1993). 

Blood  glucose  concentrations  tended  to  decrease  (P  = .13)  due  to 
supplemental  CaLCFA  (64.4  vs.  61.2  mg/dl;  Table  5-3),  which  has  been 
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reported  before  (Erickson  et  al.,  1992).  Cows  consuming  diets  containing 
CaLCFA  had  lower  plasma  insulin  concentrations  compared  with  cows  fed  no 
added  fat  (Chapter  4;  Table  4-6).  Low  glucose  concentrations  may  be 
responsible  for  the  decrease  in  insulin  concentrations,  in  order  to  avoid 
entrance  of  glucose  to  peripheral  tissues.  However,  blood  glucose 
concentrations  have  not  been  affected  always  by  addition  of  fat  to  the  diets 
(Palmquist  and  Conrad,  1978;  Jenkins,  1990;  Kronfeld  et  al.,  1980;  Skaar  et  al., 
1989;  Yang  et  al.,  1978). 

The  tendency  (P  = .08)  for  decreased  total  protein  concentration  in 
serum  of  cows  fed  CaLCFA  (8.49  vs.  7.89  g/dl)  seems  to  be  related  to  a 
reduction  (P  = .074)  in  the  globulin  (5.26  vs.  4.51  g/dl)  more  than  in  the 
albumin  (3.23  vs.  3.38  g/dl)  fraction  (Table  5-3).  Total  protein  is  comprised  of 
albumin  and  globulin.  Albumin  represents  the  larger  plasma  protein  component 
and  has  no  variants.  Globulin,  on  the  other  hand,  is  calculated  from  the 
difference  between  total  protein  and  albumin.  It  is  composed  of  different 
variants  or  types  of  proteins,  and  can  be  classified  according  to  their 
electrophoretic  mobility  into  three  major  groups:  a (a,  and  02),  ^ 03,  and  ^2). 
and  7 globulins.  a^-Fetoprotein,  a, -antitrypsin,  and  high-density  a, -lipoprotein 
are  examples  of  a,  globulins;  examples  of  globulins  are  low-density  and  very- 
low  density  a2-lipoproteins,  a2-macroglobulin,  ceruloplasmin,  and  haptoglobin. 
The  majority  of  the  complement  proteins,  acute  phase  proteins,  and  coagulation 
proteins,  and  probably  some  immunoglobulin  classes  are  examples  of 
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globulins.  The  major  proteins  in  the  7 globulin  group  are  the  immunoglobulins 
(Gorman  and  Halliwell,  1989).  The  albumin/globulin  ratio  tended  to  be  affected 
as  a consequence  of  the  same  trend  (P  = .060).  Due  to  the  complexity  of  the 
globulin  fractions,  it  is  impossible  to  determine  at  this  time  which  specific 
component(s)  was/were  affected  Oncreased  or  decreased)  by  fat 

4 

supplementation.  The  decrease  in  total  plasma  protein  was  due  only  to  feeding 
CaLCFA,  because  the  degree  of  depression  was  similar  (.6  g/dl)  in  those  cows 
fed  the  supplemental  fat  and  was  independent  of  protein  degradability.  Total 
protein  content  in  plasma  of  herd  cows  was  midway  between  the  0 and  2.2% 
CaLCFA  groups.  The  EE  content  of  the  herd  diet  also  was  between  that  of  the 
0 and  2.2%  CaLCFA  diets  although  it  was  closer  to  the  CaLCFA  ones,  which 
possibly  points  to  a direct  effect  of  CaLCFA  on  plasma  protein,  and  not  to  fat 
(EE)  content.  This  response  can  be  quite  important  because,  within  the 
globulin  fractions,  there  are  components  of  lipid  transport  as  well  as  of  the 
immune  system. 

Serum  cholesterol  was  another  metabolite  greatly  influenced  by 
incorporating  CaLCFA  into  the  diet.  Cholesterol  concentrations  were  increased 
(P  = .0001)  from  233  to  335  mg/dl  (Table  5-3).  Herd  cows  did  not  differ  from 
the  mean  of  the  other  four  treatments  although  cholesterol  values  in  those  cows 
were  more  similar  to  cows  fed  no  CaLCFA.  Reports  of  the  effect  of  feeding  fat 
on  serum  cholesterol  have  been  quite  consistent  (Grummer  and  Carroll,  1991). 
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Increased  protein  degradability  of  the  diets  tended  to  increase  (P  = .118) 
bilirubin  concentrations  in  plasma  (.19  vs.  .15  mg/dl;  Table  5-3).  Increases  in 
plasma  bilirubin  have  been  related  to  hepatic  dysfunction  (Meyer  et  al.,  1992), 
suggesting  a possible  effect  of  highly  degradable  dietary  protein  on  liver 
metabolism.  Control  cows  had  bilirubin  values  similar  to  those  fed  the  76DIP 
diets. 

Other  indicators  of  liver  function  and  tissue  damage  are  serum  enzymes 
GOT,  GPT,  7GT,  and  alkaline  phosphatase.  There  was  no  effect  of  CaLCFA  or 
DIP  treatments  on  GOT  (normal  range  78  to  132  U/L).  Herd  cows  sharply 
contrasted  (P  = .007)  with  the  rest  of  the  cows,  where  GOT  values  were  about 
25%  greater.  There  were  no  changes  in  GPT  and  7GT  values  due  to  dietary 
treatments.  Alkaline  phosphatase  values  were  in  the  vicinity  of  those  previously 
reported  (49  ± 18  U/L)  in  cows  fed  tallow  (Kronfeld  et  al.,  1980)  or  high 
producing  cows  (range  56  to  74  U/L)  fed  different  concentrations  of  dietary  CP 
(Holter  et  al.,  1982).  Concentration  of  serum  alkaline  phosphatase  tended  to  be 
decreased  (P  = .12)  by  feeding  CaLCFA  (61.0  vs.  45.7  U/L;  Table  5-3). 

Creatinine  concentrations  were  within  normal  ranges  (.5  to  2.0  mg/dl) 
and  means  were  not  affected  by  dietary  treatments  (P  > .15). 

Plasma  urea  concentrations  were  not  affected  by  degree  of  protein 
degradability,  18.2  vs.  18.7  mg/dl  for  cows  fed  55DIP  and  76DIP  diets 
respectively.  Supplementing  with  CaLCFA  tended  to  increase  PUN  values  when 
diet  was  76DIP  (16.7  vs.  20.8  mg/dl)  but  had  no  effect  when  diet  was  55DIP 
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(18.3  vs.  18.1  mg/dl;  DIP  by  Fat  interaction;  P = .079).  This  was  unexpected 
as  greater  PUN  concentrations  were  expected  in  both  diets  containing  76DIP. 
Cows  fed  the  16.5%  CP  diet  had  greater  (P  = .001)  PUN  concentrations 
compared  with  the  other  four  diets  (25.1  vs.  18.5  mg/dl).  This  difference 
probably  reflects  the  fact  that  herd  cows  were  fed  within  an  hour  before 
samples  were  taken.  Plasma  ammonia  concentrations  were  not  different 
among  treatments  containing  55  and  76%  DIP,  but  their  mean  was  lower  (P  = 
.009)  compared  with  the  65DIP  group  (97.9  vs.  114.4  /xg/dl),  probably  due  to 
the  reason  just  stated  for  urea. 

Some  serum  mineral  concentrations  were  affected  by  different  CP 
degradabilities  and  supplemental  CaLCFA  (Table  5-4).  Sodium  values  were 
within  reported  normal  ranges  (132  to  152  mEq/L;  Duncan  and  Prasse,  1986; 
Meyer  et  al.,  1992)  and  similar  to  reports  by  Holter  et  al.  (1982),  who  found  that 
by  increasing  the  CP  concentration  in  the  diet  from  11.1  to  19.2%, 
concentrations  of  Na  in  serum  decreased  (no  statistical  analysis  performed) 
from  142  to  138  mEq/L.  That  same  trend  was  seen  in  this  study  where  greater 
(P  = .001)  concentrations  of  Na  were  detected  in  the  cows  fed  the  16.5%  CP 
diet  (142  vs.  138  mEq/L).  Potassium  was  not  affected  (P  > .15)  by  diet  and  fell 
within  normal  ranges  of  3.9  to  5.8  mEq/L.  Serum  Cl  tended  to  be  affected  by 
protein  degradability  (P  = .105)  and  fat  supplementation  (P  = .149). 

Decreasing  the  degradability  of  the  dietary  protein  or  adding  fat  (CaLCFA)  to 
the  diets  decreased  the  concentration  of  Cl  in  serum.  Holter  et  al.  (1982) 
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showed  that  increasing  the  CP  content  of  diets  (from  11.1  or  13.8  to  19.2  or 
20.9%),  of  low  protein  solubility  (20%  of  total  N),  decreased  serum  Cl  content 
from  102  to  99  mEq/L.  When  the  solubility  of  the  protein  was  increased  to  45% 
of  total  N,  serum  Cl  stayed  high  (101  to  102  mEq/L).  This  agrees  with  the 
greater  values  found  in  cows  fed  the  76DIP  diets.  Hypochloremia  has  been 
associated  with  high  blood  urea  along  with  disturbed  fluid  and  electrolyte 
balance  (Manston,  1975). 

Even  though  there  were  no  differences  in  serum  Ca  values  among  cows 
fed  the  55  and  the  76DIP  with  and  without  added  fat  diets  (9.0,  8.9,  8.8,  and  9.2 
mg/dl,  respectively),  they  were  lower  (P  = .005)  than  the  average  value  (9.7 
mg/dl)  in  the  herd  cows.  With  the  exception  of  the  control  group,  all  values 
were  less  than  normal  clinical  values  (9.4  to  12.4  mg/dl)  or  those  reported  by 
Holter  et  al.  (1982)  in  lactating  cows  fed  different  CP  concentrations  (range  from 
9.4  to  10.5  mg/dl).  However,  these  values  agree  with  those  of  Kronfeld  et  al. 

(1 980)  who  established  serum  Ca  concentrations  in  fat-fed  cows  of  8.66  ± 1 .09 
mg/dl. 

Serum  P concentrations  were  within  the  boundaries  of  values  reported  by 
Kronfeld  et  al.  (1980).  Cows  fed  the  more  degradable  CP  experienced  lower  (P 
= .053)  P concentrations  (5.7  vs.  6.7  mg/dl).  One  way  in  which  protein 
degradability  could  influence  serum  P concentrations  is  that  P,  which  escaped 
microbial  digestion,  was  delivered  to  be  digested  and  absorbed  in  the  lower 
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digestive  tract.  All  of  the  lowly  degradable  protein  sources  that  comprised  the 
protein  mix  are  known  sources  of  readily  available  minerals. 

Number  of  RBC  were  unaffected  either  by  the  55  and  76DIP  diets  or  by 
fat  supplementation  (Table  5-5).  However,  there  was  a trend  (P  = .105)  for 
cows  fed  the  16.5%  CP  diet  to  have  greater  concentrations  of  RBC  (7.3  vs.  6.9 
X lOVmm^). 

Platelet  counts  were  influenced  by  both  protein  degradability  and  fat 
supplementation.  Feeding  a highly  degradable  protein  diet  tended  to  decrease 
(P  = .09)  the  platelet  count  compared  with  the  effect  of  a low  DIP  (55DIP)  diet 
(414  vs.  471  X lOVmm^:  Table  5-5).  Addition  of  CaLCFA  increased  (P  = .015) 
the  platelet  count  independent  of  protein  degradability  (485  vs.  400  x 10^/mm^). 
This  effect  of  additional  fat  seems  to  be  unrelated  to  the  fat  source  since  cows 
fed  the  16.5%  CP  diet  with  WCS  also  had  greater  (P  = .056)  platelet  counts 
(514  vs.  442  X lO^mm^). 

Hemoglobin  and  hematocrit  values  were  similar  among  the  four  dietary 
treatments  containing  55  or  76%  DIP,  and  are  between  reported  normal  values 
(8  to  15  g/dl,  and  24  to  46%,  respectively),  although  lower  (P  = .035  and  .022) 
when  compared  to  the  16.5%  CP  diet.  The  significance  of  these  findings  can 
not  be  determined  since  values  do  not  represent  any  threat  of  being  marginally 
anaemic,  and  can  be  only  a function  of  volume. 

Mean  corpuscular  volume,  MCH,  and  MCHC  were  not  different  among  all 
dietary  treatments  and  fall  between  normal  ranges. 
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Alterations  of  cellular  function  by  dietary  supplementation  with  fatty  acids 
have  been  a subject  of  intense  investigation.  Most  of  the  research  has  focused 
on  the  effect  of  polyunsaturated  fatty  adds  (PUFA),  although  saturated  fatty 
acids  have  been  studied  as  well.  Neutrophils  are  aggressively  phagocytotic 
cells  that  constitute  a first  line  of  defense  against  invading  microorganisms  and 
foreign  materials  (Cheville,  1988).  Lymphocytes,  on  the  other  hand,  are  specific 
blood  cells  mainly  in  charge  of  cellular  interactions  in  immune  responses 
(Gorman  and  Halliwell,  1989).  Any  factor  affecting  integrity  of  these  defense 
mechanisms  could  restrain  the  ability  of  an  animal  to  deal  with  external  insults. 

Table  5-6  contains  mean  values  for  WBC,  as  well  as  cell  differentiation 
presented  as  percentage  or  as  total  counts  for  each  WBC  category.  Normal 
values  for  WBC  in  cattle  have  been  reported  to  range  from  4 to  1 2 x 1 0^/mm®. 
Inclusion  of  CaLCFA  into  the  diet  tended  to  (P  = .080)  increase  WBC  count 
(11.6  vs.  9.7  X lO^mm®)  with  a tendency  for  a greater  increase  (P  = .115) 
when  the  diet  contained  highly  degradable  protein  (DIP  by  Fat  interaction).  The 
significant  effect  of  fat  supplementation  (P  = .007)  on  percentages  of 
lymphocytes  and  neutrophils  are  due  to  a reciprocal  effect  of  each  other.  This 
is  always  a problem  when  expressing  a population  on  a percentage  basis, 
because  an  increase  in  one  group  will  result  invariably  in  a decrease  (in  the 
same  magnitude)  of  the  other  group.  Therefore,  expressing  the  WBC  types  on 
a total  count  basis,  better  reflects  the  impact  of  dietary  treatments.  Feeding 
CaLCFA  to  lactating  cows,  regardless  of  protein  degradability,  resulted  in  an 


Table  5-6.  Effect  of  protein  degradability  (DIP)  and  fat  supplementation  (Fat;  calcium  salts  of  long-chain  fatty  acids)  on 
white  blood  cell  types  in  lactating  Holstein  cows. 

Dietary  treatment  Orthogonal  contrasts 

20.3%  CP  20.8%  CP  20.7%  CP  20.7%  CP  16.5%  CP  16.5%  CP 
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Eosinophils  454  260  543  497  566  126  .225  .367  .577  .379 

Basophils  25  46  69  84  76  39  .327  .667  .941  .661 
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increase  (P  = .006)  in  the  number  of  lymphocytes  (6552  vs.  4221 /mm®).  The 
number  of  lymphocytes  tended  to  be  even  lower  (P  = .080)  in  cows  fed  the 
16.5%  CP  diet  (3853  vs.  5386/mm®).  Neutrophil  numbers  tended  to  be  lower  (P 
= .142)  in  cows  fed  SBM  and  urea  compared  with  those  fed  animal  byproduct 
feedstuffs  (4009  vs.  4820/mm®).  The  effect  of  CaLCFA  on  neutrophils  was 
dependent  upon  the  degradability  of  the  dietary  protein  (DIP  by  Fat  interaction; 

P = .048).  Adding  fat  to  the  55DIP  diet  decreased  the  number  of  neutrophils 
(4061  vs.  5580/mm®),  but  fat  addition  increased  neutrophil  numbers  when 
added  to  76DIP  diet  (4369  vs.  3650/mm®).  Another  DIP  by  fat  interaction  was 
detected  for  number  of  monocytes  (P  = .067).  Monocyte  count  tended  to  be 
increased  from  214  to  501 /mm®  when  cows  were  fed  a diet  containing  low 
degradable  protein  (55DIP)  and  CaLCFA  was  supplemented.  However,  when 
cows  receiving  a high  DIP  diet  (76%)  were  fed  additional  fat  (CaLCFA), 
monocyte  count  dropped  from  422  to  351  /mm®.  Monocyte  counts  were  within 
established  ranges  (25  to  850).  These  cells  release  a polypeptide  known  as 
interleukin-1  (IL-1),  which,  among  other  functions,  stimulates  neutrophils  to 
circulate,  activates  lymphocytes,  and  increases  the  synthesis  of  acute  phase 
proteins  in  liver.  Large  numbers  are  seen  in  recovery  phases  of  bacterial 
infections  (Cheville,  1988).  Differences  in  the  number  of  monocytes  seem  to 
be  negligible,  since  no  trace  of  monocytosis  was  present.  No  differences  were 
found  in  eosinophil  and  basophil  counts. 
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A delayed  hypersensitivity  response  was  used  as  an  indication  to 
evaluate  responsiveness  of  the  immune  system,  as  affected  by  the  dietary 
treatments.  Differences  in  skin  fold  thickness  at  24  h after  intradermal  injection 
of  the  mitogen  (PHA)  tended  to  be  dependent  (P  = .160)  upon  the  interaction 
of  protein  degradability  and  CaLCFA  supplementation.  Thickness  of  skin  was 
decreased  by  including  CaLCFA  along  with  the  55DIP  diet  (4.3  vs.  5.7  mm)  but 
remained  unchanged  when  CaLCFA  were  fed  along  with  the  76DIP  diet  (4.6  vs. 
4.2  mm;  Figure  5-1). 

Evaluation  of  in  vitro  lymphocyte  proliferation  as  influenced  by  serum 
samples  from  the  experimental  animals  are  presented  in  Figure  5-2A.B.  Two 
concentrations  of  serum,  5 (top)  and  20%  (bottom)  of  the  media,  were  used  in 
the  evaluation.  Calf  serum  in  the  same  concentrations  (5  and  20%),  was  used 
as  a reference.  Lymphocytes  in  calf  serum  were  more  responsive  to  stimulation 
with  .5  fig  PHA  than  those  in  lactating  cow  serum.  Serum  from  herd  cows,  at  a 
concentration  of  5%  (top  panel)  of  the  media,  tended  to  respond  with  greater  (P 
= .08)  lymphocyte  growth  (85%  of  the  reference)  compared  with  the  mean  of 
the  other  treatments  (51.1  vs.  44.2  x 10®  DPM).  Cows  fed  diets  of  greater 
protein  density  (20  vs.  1 6%)  may  be  able  to  responde  less  to  challenges  of 
injury  and  disease.  Anderson  and  Barton  (1988)  reported  that  dairy  cows  fed  a 
20%  CP  diet  experienced  a greater  incidence  of  reproductive  disorders  during 
early  PP  compared  to  cows  fed  a 13%  CP  diet  (17/27  vs.  12/29).  Analyzing 
the  rest  of  the  data  as  a 2 x 2 factorial  arrangement,  lymphocytes  exposed  to 


226 


SKIN  FOLD  RESPONSE  (mm) 


Figure  5-1 . Skin  fold  thickness  24  h after  intradermal  injection  of 
phytohemoagglutinin  (PHA)  in  cows  fed  different  concentrations  of  degradable 
intake  protein  (DIP)  and  calcium  salts  of  long-chain  fatty  acids  (Fat;  CaLCFA). 
Control  diets  contained  65DIP  and  not  fat  added.  SEM  = .6. 
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Figure  5-2.  Lymphocyte  proliferation  response  to  a mitogen 
(phytophemoagglutinin)  as  affected  by  serum  concentration  (5  or  20%)  in  the 
media  from  cows  fed  diets  with  different  protein  degradabilities  (DIP)  and 
supplemented  fat  (0  or  2.2%  calcium  salts  of  long-chain  fatty  acids).  Control 
diet  contained  54  DIP  and  not  fat  added.  SEM  = .2. 
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serum  of  cows  fed  the  highly  degradable  protein  tended  to  respond  less  (P  = 
.20)  to  PHA  (41.9  vs.  46.4  x 10®  DPM).  These  data  suggest  that  not  only  the 
concentration  of  dietary  protein  but  also  the  degradability  might  be 
immunologically  important  to  the  cow.  When  serum  concentration  in  the  media 
was  increased  to  20%,  proliferation  of  lymphocytes  in  all  cases  was  numerically 
below  that  when  serum  made  up  5%  of  media  (Figure  5-2B).  As  in  Figure  5-2A, 
proliferation  of  lymphocytes  tended  to  be  depressed  (P  = .16)  in  cows  fed 
76DIP  diets  compared  with  those  fed  the  55DIP  diets  (32.5  vs.  38.4  x 10®  DIP). 
These  results  on  lymphocyte  proliferation  may  be  related  to  the  findings  by 
Targowski  et  al.  (1983/84)  and  Klucinski  and  Targowski  (1984),  who  found  that 
ammonia  impaired  lymphocyte  function  based  on  viability  and  blastogenesis  of 
bovine  lymphocytes. 

The  body  of  evidence  has  been  growing  recently  concerning  the 
modification  of  disease  states  by  dietary  fat.  The  mechanism  (s)  involved  in  how 
dietary  fat  modifies  disease  conditions  are  not  understood  well,  but  many 
studies  propose  alteration  of  eicosanoid  (prostaglandins,  leukotrienes,  and 
hydroxy  fatty  acids)  production  (Hubbard  et  al.,  1991).  Substitution  of 
arachidonic  acid  by  other  fatty  acids  in  the  phospholipids  of  the  cell 
membranes,  mainly  eicosapentanoic  acid  (EPA),  have  resulted  in  the  formation 
of  eicosanoids  with  different  physiological  activities,  generally  determined  as 
less  potent  inducers  of  inflammation  reaction  (Logas  et  al.,  1991).  The 
alteration  of  cellular  function  has  been  related  to  platelets  and  leukocytes. 
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When  incubated  in  vitro  with  high  quantities  of  EPA,  piatelets  have  survived 
longer  when  compared  with  platelets  incubated  with  arachidonic  acid,  as  well  as 
a decrease  in  thromboxane  production  (Kristensen  et  al.,  1989).  This 
prolonged  survival  could  explain  the  increase  in  platelet  counts  in  those  cows 
receiving  CaLCFA  (Table  5-5). 

Supplementation  of  fish  oil  or  EPA  (in  vitro  and  in  vivo)  has  diminished 
various  neutrophil  functions  like  chemostatic  and  adhesive  properties,  and 
superoxide  formation  and  chemiluminescence  (Lee  and  Austen,  1986; 

Kristensen  et  al.,  1989).  This  depressed  neutrophil  function  is  a consequence 
of  a reduction  in  leukotriene  B4  production,  derived  from  arachidonic  acid,  and 
an  increase  by  the  neutrophil  in  leukotrine  B5  production,  which  is  an  EPA 
metabolite  (Lee  and  Austen,  1986;  Kristensen  et  al.,  1989).  Leukotriene  B4  is  a 
potent  inducer  of  inflammation,  with  several  biological  activities  including 
chemotaxis  of  neutrophils,  T-lymphocytes,  and  eosinophils,  chemokinesis  of 
monocytes,  and  aggregation  and  release  of  lysosomal  enzymes  from 
neutrophils  (Kristensen  et  al.,  1989).  Proportion  of  neutrophils  were  depressed 
in  cows  fed  CaLCFA  (37.1  vs.  46.8%;  Table  5-6). 

Galdiero  et  al.  (1989)  showed  that  mice,  after  20  d on  a lipid  diet, 
demonstrated  a lowered  response  to  several  in  vitro  immunological  challenges. 
Splenocytes  exhibited  an  inversed  lipid-protein  ratio,  inability  to  respond  to 
sheep  erythrocytes,  and  a reduction  of  ^H-thymidine  incorporation  when 
stimulated  with  a lipopolysaccharide  extract  from  E.  coli  as  mitogen,  inhibition  of 
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phagocytosis  and  intracellular  killing  in  macrophages,  and  lower  granulocyte 
chemotaxis  and  adherence  capacity.  Authors  concluded  that  metabolic 
alterations  which  determine  cellular  accumulation  of  lipids  resulted  in  a state  of 
lowered  specific  and  nonspecific  protection  of  cells  by  immune  responses. 
These  alterations  vary  in  degree  and  in  relation  to  the  modifications  obtained  in 
the  distribution  of  lipids  and  proteins  within  the  cells. 

In  another  experiment,  Galdiero  et  al.  (1991)  tested  the  effect  of 
incorporation  of  phospholipids  with  different  polar  groups  (e.g.  choline, 
ethanolamine,  glycerol)  and  different  isomers  with  acyl-chains  containing 
saturated  and  unsaturated  fatty  acids  of  1 2 to  20  carbons  in  length  on 
functional  responses  of  human  neutrophils  and  mouse  lymphocytes  and 
macrophages.  Activity  of  the  cells,  mainly  those  with  phospholipids  that 
contained  fatty  acids  of  and  beyond  were  diminished.  Alterations  in  the  lipid 
content  of  the  lipoproteic  layer  of  the  cytoplasmatic  membrane  of  immune  cells 
generally  led  to  a decrease  in  their  function. 

Although  some  reports  have  established  a relationship  between  the 
presence  of  ammonia  and  fat  on  components  of  the  immune  system,  results 
from  the  present  experiment  did  not  show  a clear  influence  of  the  dietary 
treatments  on  immune  system  response  to  PHA  challenge  as  measured  by 
dermal  thickness.  Cows  fed  a 20%  CP  diet  tended  to  have  (P  = .08)  fewer 
lymphocytes  growing  in  a media  containing  5%  serum  compared  with  cows  fed 
a 16%  CP  diet.  In  addition,  there  was  only  a tendency  for  serum  from  the 
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highly  degradable  protein  group  to  inhibit  lymphocyte  proliferation  more  than 
serum  from  the  low  protein  degradability  group  when  serum  made  up  either  5 
(P  = .20)  and  20%  (P  = .16)  of  media.  Feeding  highly  degradable  protein 
tended  to  increase  concentrations  of  serum  bilirubin  and  neutrophils  but 
decrease  concentrations  of  platelets. 

Fat  supplementation  had  no  effect  on  lymphocyte  response  to  PHA. 
Probably  the  influence  of  the  dietary  treatments,  particularly  fat  supplementation, 
may  have  been  defined  better  if  lymphocytes  from  cows  fed  the  different  diets 
would  have  been  used,  rather  than  from  a single  donor,  because  of  the  longer 
exposure  of  the  cells  to  the  metabolites.  Concentrations  of  serum  glucose,  total 
protein  mainly  due  to  a decrease  in  undetermined  globulin  fraction,  and  alkaline 
phosphatase  tended  to  be  depressed  by  feeding  CaLCFA.  Numbers  of  WBC 
tended  to  be  increased.  Proportion  and  number  of  lymphocytes  were 
increased,  whereas  neutrophil  percentages  were  decreased.  Platelet  counts 
increased. 

Conclusions 

Dietary  fat  and  protein  degradability  concentrations  appeared  to  affect 
the  immune  system  of  lactating  Holstein  cows  as  indicated  by  changes  in 
several  blood  components  such  as  globulins  and  cell  counts  (lymphocytes, 
neutrophils,  platelets),  as  well  as  in  vitro  proliferation  of  lymphocytes.  Whether 
these  changes  are  enough  to  result  in  clinical  health  disorders  needs  further 
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evaluation.  Incidence  of  health  disorders  (Table  5-7)  were  distributed  equally 
among  dietary  treatments. 
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Table  5-7.  Effect  of  protein  degradability  (DIP)  and  fat  supplementation 
(Fat;  calcium  salts  of  long-chain  fatty  acids)  on  frequency  of  health 
disorders  of  postpartum  dairy  cows. 


Disorder 

55DIP 

76DIP 

0%  Fat 

2.2%  Fat 

0%  Fat 

2.2%  Fat 

Cows,  n 

13 

11 

• 

10 

11 

Metritis 

2 

1 

1 

0 

Pyometra 

1 

1 

1 

1 

Mastitis^ 

4 

3 

4 

5 

Leg/foot 

3 

0 

1 

2 

Respiratory 

1 

1 

1 

0 

Udder  edema 

1 

2 

0 

0 

1 


Clinical  mastitis. 


CHAPTER  6 

SUMMARY,  DISCUSSION  AND  CONCLUSIONS 


Concentration  and  degradability  in  the  rumen  (DIP)  of  dietary  crude 
protein  (CP)  have  been  reported  to  compromise  reproductive  efficiency  and  the 
immune  system  of  dairy  cows.  Alteration  of  energy  metabolism,  fertilization 
failure/early  embryonic  death  due  to  changes  in  uterine  tract  environment,  or 
alterations  in  hormones  involved  in  reproductive  events  are  among  the  possible 
causes,  although  a combination  of  several  factors  is  more  admissible.  Addition 
of  ruminally  inert  fats  like  calcium  salts  of  long-chain  fatty  acids  (CaLCFA)  to 
diets  of  dairy  cow  has  improved  milk  yield  and  body  condition,  but  its  effect  on 
reproductive  efficiency  is  unresolved. 

Firstly,  the  proposed  detrimental  (Jordan  and  Swanson,  1979a;  Ferguson 
et  al.,  1988;  Ferguson  and  Chalupa,  1989;  Blanchard  et  al.,  1990)  effect  of  high 
concentrations  of  CP  in  the  diet  (HP;  27.4%  of  DM)  on  reproductive 
performance  of  nonlactating  dairy  cows  was  compared  with  cows  fed  an 
adequate  CP  diet  (AP;  12.3%  of  DM).  Reproductive  performance  was  evaluated 
by  characterizing  the  growth  of  follicles  during  the  first  follicular  wave  after 
estrous  synchronization,  by  response  of  cows  to  induced  superovulation,  and 
by  quantity  and  quality  of  ova/embryos  recovered  from  cows  fed  the 
experimental  diets.  Nonlactating  (n  = 12)  Holstein  cows  were  assigned 
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randomly  to  one  of  two  diets  in  a crossover  design.  Diets  contained  70% 
forage  (corn  silage  and  bermudagrass)  and  30%  concentrate  (DM  basis).  Urea 
and  soybean  meal  were  used  to  increase  CP  content  to  27.4%  of  DM.  Feed 
intake  was  restricted  to  1.75%  BW.  Intake  of  CP  (2.87  vs.  1.28  kg/d), 
degradable  intake  protein  (DIP;  2.03  vs.  .77  kg/d),  and  undegradable  intake 
protein  (UIP;  .84  vs.  .51  kg/d)  were  greater  (P  = .0001)  by  cows  receiving  the 
HP  diet.  Blood  samples  taken  daily  before  the  a.m.  feeding  indicated  that  cows 
fed  the  HP  diet  had  greater  (P  = .001)  mean  concentrations  of  plasma  urea-N 
(PUN;  21.3  vs.  9.8  mg/dl)  but  not  plasma  ammonia  (PNH3;  .90  vs.  .90  mg/dl) 
compared  with  cows  fed  the  AP  diet,  probably  due  to  the  transitory  nature  of 
PNH3  concentrations.  However,  samples  collected  postfeeding  overtime  from 
ruminally  fistulated  cows  showed  that  feeding  HP  diets  temporarily  increased  (P 
< .01)  ruminal  Ph  (6.67  vs.  6.56)  and  ammonia  (51.3  vs.  11.9  mg/dl)  as  well  as 
PNH3  concentrations  (1.35  vs.  1.16  mg/dl).  Despite  the  fact  that  diet 
composition  altered  several  bodily  fluids,  dietary  treatments  failed  to  affect  the 
maximum  diameter  of  the  preovulatory  follicle  (16.4  vs.  15.8  mm),  or  the  day  of 
emergence  (2.2  vs.  2.1  d),  length  of  time  to  reach  maximum  diameter  (7.3  vs. 
7.5  d),  or  the  maximum  size  (14.0  vs.  14.1  mm)  of  the  dominant  follicle  of  cows 
fed  the  AP  or  HP  diet,  respectively. 

Cows  fed  a AP  or  HP  diet  responded  similarly  to  superovulation 
induction.  Using  ultrasonography,  no  differences  were  detected  in  the  number 
and  percentages  of  preovulatory,  anovulatory,  and  ovulatory  follicles  between 


236 


cows  fed  diets  of  two  CP  concentrations,  although  a period  effect  tended  (P  = 
.08)  to  be  significant.  Embryo  quality  was  assessed  by  visual  appraisal  of 
morphological  characteristics.  Numbers  (2.8  vs  4.0)  and  percentages  (34.9  vs. 
33.9%)  of  normal  embryos,  retarded/abnormal  embryos  (2.8  and  40.5%  vs.  2.8 
and  35.0%),  and  unfertilized  ova  (1.8  and  24.6%  vs.  1.8  and  31.1%)  recovered 
from  cows  receiving  the  12.3%  CP  diet  were  similar  to  those  produced  by  cows 
receiving  the  HP  diet.  Furthermore,  visual  classification  of  embryo  viability 
showed  that  increasing  CP  concentration  in  the  diet  from  12.3  to  27.4%  DM  did 
not  affect  the  number  nor  the  percentage  of  transferable  (4.0  and  49.7%  vs.  4.9 
and  54.0%)  and  nontransferable  (1 .6  and  25.7%  vs.  2.0  and  49.7%)  embryos 
recovered  from  superovulated  nonlactating  cows.  These  findings  strongly 
disagree  with  lower  number  and  poorer  quality  of  embryos  recovered  from 
lactating  dairy  cows  fed  high  crude  protein  diets  reported  by  Ferguson  et  al. 
(1988)  and  Blanchard  et  al.  (1990),  which  might  indicate  the  importance  of  other 
metabolic  factors  present  during  lactation. 

Changes  in  plasma  concentrations  of  reproductively  important  hormones 
(insulin,  P^,  and  Eg)  examined  during  all  stages  of  the  experimental  period  (first 
follicular  wave  after  estrous  synchronization,  induction  of  superovulation,  and 
during  6 d following  Al  at  superovulation  estrus)  were  similar,  although  mean 
concentrations  of  Eg  in  plasma  concentrations  (12.1  vs.  16.6  pg/ml;  P = .06) 
during  superovulation  and  of  plasma  insulin  (1.00  vs.  1.11  ng/ml;  P = .026) 
during  the  postbreeding  stage  were  different. 
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A period  effect  was  detected  in  several  of  the  variables  studied  (e.g. 
numbers  of  follicles  during  the  first  follicular  wave  after  estrous  synchronization 
and  induced  superovulation,  morphological  characteristics  of  recovered 
embryos,  Ej  concentrations  during  superovulation,  and  insulin  concentrations 
after  Al  of  superovulation  estrus)  showing  the  importance  of  season  (summer 
vs.  winter  conditions)  affecting  physiological  responses. 

Failure  to  detect  any  effect  of  HP  diets  fed  to  dairy  cows  on  follicle 
dynamics  during  a synchronized  estrous  cycle  and  during  induced 
superovulation,  as  well  as  on  quality  and  embryo  viability  up  to  6.5  d 
postbreeding,  indicates  that  the  sole  effect  of  dietary  CP  might  not  be  enough 
to  extensively  alter  reproductive  function  in  nonlactating  Holstein  cows,  or  that 
adverse  effects  of  high  dietary  crude  protein  might  be  manifested  in  later  stages 
of  embryo  development. 

The  possibility  that  high  CP  diets  could  interact  with  other  factors  present 
during  early  postpartum,  such  as  lactational  stress  and  changes  in  energy 
status  of  dairy  cows  was  explored  in  a subsequent  study.  Extent  of 
degradability  of  dietary  protein  by  ruminal  microorganisms  is  considered  an 
important  factor  affecting  the  amount  of  ammonia  absorbed  from  the  digestive 
tract.  Dietary  protein  in  excess  of  requirements  will  be  energetically  costly  to 
the  animal  due  to  detoxification  processes  (Blaxter,  1962).  Increasing  energy 
costs  to  a lactating  cow  which  already  is  in  a negative  energy  state  (NES), 
might  result  in  reproductive  failure  unless  energy  density  of  the  diet  is 
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increased.  Fat  supplementation  has  been  used  as  a manipulative  tool  to 
increase  energy  density  of  the  diet  (Carroll  et  al.,  1990;  Lucy  et  al.,  1991a; 
Schauff  and  Clark,  1992),  although  feed  intake  might  be  depressed  (Grummer, 
1988;  Jerred  et  al.,  1990).  The  possible  interrelationship  between  feeding  diets 
containing  high  concentrations  of  CP,  but  of  different  degradability  in  the  rumen, 
and  ruminally-inert  fat  on  productive  and  reproductive  performance  by  lactating 
Holstein  cows  was  explored.  Forty-five  dry  cows  were  assigned  randomly  at 
calving  to  one  of  four  dietary  treatments  on  which  they  remained  for  1 6 wk. 
Cows  were  fed  diets  formulated  to  both  meet  and  exceed  NRC  (1989) 
recommendations  of  proportion  of  dietary  protein  degradable  (DIP)  in  the 
rumen.  Protein  degradability  of  diets  as  determined  by  in  situ  incubation  of 
TMR  were  55%  (adequate  DIP)  and  76%  (high  DIP)  of  the  CP.  Soybean  meal 
and  urea  were  used  as  N sources  whereas  a combination  of  byproducts  (corn 
gluten  meal,  fish  meal,  blood  meal,  and  meat  and  blood  meal)  was  the  protein 
source  for  the  56%  DIP  diet.  Two  concentrations  (0  or  2.2%  of  DM)  of  added 
fat  as  calcium  salts  of  fatty  acids  (CaLCFA;  Megalac*)  made  up  the  other  main 
factor.  Diets  were  composed  of  corn  silage,  alfalfa  hay,  and  concentrate  in  a 
34:12:53  ratio  (DM  basis). 

Mean  peak  DMI  for  all  diets  was  22  to  23  kg/d,  although  cows  fed  the 
76DIP  diets  consumed  less  feed  the  first  8 wk  PP  but  more  feed  thereafter 
compared  with  cows  fed  55DIP  diet  (P  = .0001).  Diets  containing  supplemental 
fat  did  not  support  increased  mean  milk  production  (27.8  vs.  26.3  kg/d). 
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although  pattern  of  milk  yield  was  affected  when  lactation  curves  were 
compared.  Milk  production  was  similar  between  cows  fed  0 or  2.2%  CaLCFA 
until  about  3 wk  PP  at  which  time  cows  fed  CaLCFA  demonstrated  greater 
persistency  for  the  remainder  of  the  study  (P  = .001).  The  better  persistency  of 
cows  fed  CaLCFA  produced  approximately  2 kg/d  more  milk  after  3 wk  PP.  A 
delayed  response  of  milk  production  to  fat  supplementation  has  been  reported 
(Jerred  et  al.,  1990).  Feeding  of  CaLCFA  did  not  change  milk  fat  and  protein 
content  or  yield. 

Apparent  digestibilities  of  DM,  CM,  CP,  NDF,  and  ADF  were  not  affected 
by  dietary  treatments.  Similar  results  have  been  reported  elsewhere. 
Hemicellulose  and  ether  extract  digestibilities  were  improved  by  decreasing  the 
dietary  concentration  of  ruminally  degradable  protein  (P  = .077)  and  increasing 
fat  content  in  the  diet  independent  of  protein  source  (P  = .035).  It  has  been 
suggested  that  this  response  results  from  feeding  highly  digestible  fats 
(Palmquist  and  Conrad,  1978). 

Body  weight  loss  was  during  PP  was  increased  in  cows  fed  the  76DIP 
diets  (P  = .0001).  CaLCFA  supplementation  did  not  affect  BW  change,  which 
agrees  with  others  (Canale  et  al.,  1990;  Schneider  et  al.,  1990). 

Energy  status  of  animals  followed  DMI  patterns  from  wk  2 through  the 
end  of  the  study.  Cows  were  in  NES  during  the  first  3 to  4 wk  PP.  Cows  fed 
the  76DIP  diet  without  CaLCFA  had  a slower  return  toward  positive  energy 
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status  compared  with  cows  fed  the  other  dietary  treatments.  Mixing  CaLCFA 
with  the  76DIP  diet  alleviated  this  effect. 

Several  plasma  metabolites  were  affected  by  dietary  treatments.  Plasma 
urea-N  was  increased  from  17.2  to  22.0  mg/dl  by  increasing  the  extent  of 
protein  degradation  in  the  rumen.  Mean  insulin  concentrations  were  decreased 
(P  = .007)  when  additional  degradable  protein  was  fed  (.65  vs.  .54  ng/ml), 
possibly  as  a direct  or  indirect  effect  of  elevated  concentrations  of  urea  and 
ammonia  in  plasma.  Fat  supplementation,  on  the  other  hand,  tended  to  reduce 
(P  = .104)  mean  plasma  insulin  concentrations  (.62  vs.  .56  ng/ml).  A reduction 
in  the  amount  of  fermentable  substrate  caused  by  replacing  corn  with  fat  may 
be  the  cause.  Mean  plasma  HDL-cholesterol  concentrations  were  increased  (P 
= .02)  in  cows  fed  diets  containing  added  fat  (62.3  vs.  58.7  mg/dl).  Some 
authors  have  reported  increases  in  plasma  cholesterol  concentrations  due  to 
feeding  CaLCFA  (Sklan  et  al.,  1989;  West  and  Hill,  1990)  but  not  others 
(Schneider  et  al.,  1988;  Sklan  et  al.,  1991). 

Rectal  palpation  data  collected  weekly  over  the  first  8 to  9 wk  PP  showed 
that  feeding  more  degradable  protein  or  CaLCFA  influenced  the  presence  of 
certain  ovarian  structures.  Presence  of  follicles  were  greater  in  cows  fed  the 
55DIP  diets  (P  < .026).  Addition  of  CaLCFA  tended  to  reduce  the  number  of 
follicles  present  and  to  increase  the  number  of  luteal  structures  independent  of 
degradability  of  the  protein,  meaning  that  cows  were  cycling  normally.  The 
numbers  of  luteal  structures  were  reduced  by  replacing  animal  byproduct 
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protein  sources  with  soybean  meal  and  urea.  Four  of  10  cows  fed  SBM  and 
urea  without  CaLCFA  were  anestrus  during  the  first  50  d PP.  Feeding  CaLCFA 
with  the  76DIP  diet  tended  to  stimulate  ovarian  activity.  Ultrasonography 
records  and  plasma  P4  profiles  during  that  period  corroborated  those  findings. 
Diets  formulated  to  have  76DIP  concentrations  resulted  in  a delay  of  about  13  d 
in  the  initiation  of  luteal  activity  compared  with  55DIP  diets  (38  vs.  25  d;  P = 
.002).  Addition  of  CaLCFA  to  the  76DIP  diets  tended  to  reduce  the  number  of 
days  to  first  luteal  phase  PP  from  42  to  35,  whereas  no  improvement  was 
detected  when  added  to  low  DIP  diets  (25  vs.  25  d).  Seventy  percent  of  cows 
responded  to  synchronization  with  no  effect  due  to  dietary  treatments.  Mean 
conception  rate  at  the  synchronized  estrus  was  30%  and  similar  across 
treatments.  No  differences  among  treatments  were  found  in  the  proportion  of 
cows  pregnant  at  first  service,  but  conception  rates  at  the  second  service  were 
improved  (P  = .03)  from  31  to  75%  when  cows  were  fed  diets  containing 
CaLCFA.  This  improvement  carried  over  to  greater  pregnancy  rate  at  the  end 
of  the  experiment  (52  vs.  86%;  P = .021).  There  were  no  differences  in  the 
number  of  services  per  conception,  days  open,  total  number  of  Al,  or  the 
efficiency  of  estrus  detection  among  cows  fed  the  dietary  treatments. 

Feeding  diets  containing  different  concentrations  of  degradable  protein 
and  CaLCFA  affected  the  productive  and  reproductive  performance  of  the 
lactating  cows  during  the  first  120  d of  lactation.  Protein  degradability  seems  to 
be  an  important  factor  limiting  animal  production  and  reproduction  during  early 
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lactation.  By  reducing  the  proportion  of  dietary  protein  degraded  in  rumen,  the 
amount  or  rate  of  absorption  in  the  digestive  tract  of  AA  and  peptides  probably 
was  increased,  resulting  in  greater  amounts  of  circulating  precursors  potentially 
available  for  glucose  synthesis  or  providing  an  AA  profile  similar  to  that  required 
for  milk  synthesis.  Glucose  is  the  first  limiting  nutrient  for  milk  production. 
Amino  acids  and  propionate  (from  ruminal  fermentation  processes)  but  not  fatty 
acids,  are  the  only  substrates  that  can  be  used  to  synthesize  glucose  through 
the  gluconeogenic  pathway.  Low  concentrations  of  blood  glucose  will  reduce 
insulin  secretion  and  stimulate  tissue  mobilization.  Cows  fed  the  55DIP  diets 
had  greater  concentrations  of  plasma  insulin,  lower  BW  loss,  and  sooner 
recrudescence  of  ovarian  activity  compared  with  cows  fed  the  76DIP  diets, 
indicative  of  a more  positive  energy  status. 

Furthermore,  restoration  of  ovarian  activity  PP  is  typical  to  that  reported 
under  the  effects  of  NES.  Feeding  excess  protein,  especially  high  DIP,  may 
increase  energy  costs  via  ammonia  detoxification  or  interfering  with  normal 
energy-yielding  pathways  like  the  tricarboxylic  cycle. 

Fat  supplementation  as  CaLCFA  may  impact  production  and 
reproduction  by  providing  more  energy  yielding  compounds  or  by  providing 
precursors  (HDL-cholesterol  and  probably  linoleic  acid)  for  reproductive 
hormone  synthesis.  Fat  supplementation  during  the  first  3 to  4 wk  will  provide 
energy-  but  not  glucogenic-yielding  substrates.  CaLCFA  supplementation 
tended  to  reduce  plasma  insulin  concentrations  and  did  not  affect  BW  change 
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probably  indicating  low  blood  glucose  concentrations  and  tissue  mobilization. 
Response  to  fat  supplementation  can  be  expected  later  in  lactation  (after  3 wk), 
when  the  demand  for  glucose  can  be  greatly  satisfied  by  glucose  of  dietary 
origen,  but  the  need  for  energy  still  remains.  Improvement  in  conception  rates 
at  second  service  in  cows  fed  CaLCFA-supplemented  diets  indicated  also  a 
delayed  reproductive  response  to  fat  supplementation. 

Finally,  the  negative  effect  of  feeding  elevated  amounts  of  degradable 
protein  that  increases  the  amount  of  ammonia  absorbed  from  the  rumen,  may 
result  in  its  accumulation  in  tissues  interfering  with  their  intermediary 
metabolism.  Cells  exposed  to  high  concentrations  of  ammonia  have  altered 
function.  When  a condition  of  high  ammonia  concentrations  is  created,  all  cells 
in  the  body  are  susceptible  regardless  of  location.  Elevated  concentrations  of 
ammonia  gas  have  been  related  to  respiratory  diseases  and  increases  in  chick 
and  calf  mortality  have  been  linked  to  it  (Visek,  1984;  Targowski  et  al., 
1983/1984;  WHO,  1986),  due  to  a weakened  resistance  of  the  animals  and 
development  of  secondary  infections  (WHO,  1986).  Alterations  in  blood 
constituents  and  the  immune  system  have  resulted  from  exposure  to  ammonia. 
Systemic  acidosis,  increases  in  glucose  and  red  blood  cells  (RBC),  and  a 
reduction  in  white  blood  cells  (WBC)  have  been  reported  (Kirkpatrick  et  al., 
1972,  1973).  Anderson  and  Barton  (1988)  reported  a greater  incidence  of 
reproductive  disorders  during  early  lactation  in  cows  fed  a diet  containing  20% 
compared  with  cows  fed  a 1 3%  CP  diet.  Dietary  fat  has  been  related  also  to 
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partial  depression  in  immune  response  due  to  its  interference  with  prostaglandin 
and  leukotriene  synthesis  (Galdiero  et  al.,  1991;  Logas  et  al.,  1991;  Hubbard  et 
al.,  1991).  Based  on  these  findings  the  effect  of  protein  degradability  and  fat 
supplementation  of  diets  fed  to  lactating  Holstein  cows  on  blood  profiles  and  in 
vivo  and  in  vitro  assessment  of  Immune  responses  were  investigated.  Twenty 
lactating  cows  from  the  previous  experiment  and  five  cows  from  the  general 
herd  were  selected  and  assigned  to  treatments  randomly.  The  herd  diet  had  a 
lower  CP  content  (16.5%  DM)  and  intermediate  degradability  of  the  protein 
degradability  (65%  DIP  of  CP)  compared  with  other  diets  (55  and  76DIP).  The 
herd  diet  did  not  contained  supplemental  CaLCFA. 

A delayed  hypersensitivity  test  (skin  fold  thickness  before  and  after 
intradermal  injection  of  phytohemagglutinin;  PHA)  was  used  to  assess  immune 
response  in  vivo.  Support  of  lymphocyte  proliferation  by  serum  from  the 
experimental  animals  was  tested  during  an  in  vitro  mitogen-induced  stimulation 
test,  as  another  means  to  assess  immune  responsiveness. 

Several  metabolites  determined  in  serum  and  plasma  samples  were 
affected  by  dietary  treatments.  Total  protein  concentrations  in  serum  of  cows 
fed  CaLCFA  tended  (P  = .08)  to  decrease  (8.49  vs.  7.89  g/dl)  possibly  due  to 
a reduction  (P  = .07)  in  the  globulin  fraction  (5.26  vs.  4.51  g/dl).  Serum 
cholesterol  was  another  metabolite  greatly  influenced  (P  = .001)  by 
incorporating  CaLCFA  to  the  diet  (233  vs.  335  mg/dl).  Cholesterol  values 
(254.8  mg/dl)  in  herd  cows  were  more  similar  to  cows  fed  no  CaLCFA.  Serum 
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enzymes  (GOT,  GPT,  7GT,  and  alkaline  phosphatase)  as  indicators  of  liver 
function  and  tissue  damage  were  not  affected  by  experimental  diets,  with  the 
exception  of  GOT  concentrations  in  herd  cows  which  was  25%  greater  (P  = 
.007). 

Serum  concentrations  of  Na,  K,  Cl,  Ca,  and  P were  not  affected  by 
dietary  treatments,  although  Cl  and  P tended  to  be  affected  by  the  main  effects 
of  DIP  and  CaLCFA.  Herd  cows  had  greater  (P  < .01)  Na  (142  vs.  138  mEq/L) 
and  Ca  (9.7  vs.  9.0  mg/dl)  compared  with  other  four  treatments  combined, 
although  all  values  fell  within  normal  serum  concentrations  and  the  clinical 
significance  of  these  findings  is  difficult  to  establish. 

Numbers  of  RBC  were  unaffected  by  protein  degradability  and  fat 
supplementation,  although  there  was  a trend  (P  = .105)  for  cows  fed  the  16.5% 
CP  diet  to  have  greater  concentrations  of  RBC  (7.3  vs.  6.9  x 10®/nnm^). 

Feeding  high  DIP  diets  tended  (P  = .09)  to  decrease  platelet  count  compared 
with  low  DIP  diets,  and  addition  of  CaLCFA  increased  (P  = .015)  the  platelet 
count  independent  of  degradability  of  the  protein  (485  vs.  400  x 10®/mm®). 

Herd  cows  fed  the  16.5%  CP  also  presented  greater  (P  = .056)  platelet  counts 
when  compared  with  the  other  four  treatments  (514  vs.  442  x lOVmrn®),  being 
the  effect  of  diet  on  platelet  counts  unrelated  to  the  fat  source,  since  herd  diets 
contained  fat  from  whole  cottonseeds.  Hemoglobin  and  hematocrit  values  were 
similar  among  the  four  dietary  treatments,  although  lower  (P  < .05)  when 
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compare  with  the  16.5%  CP  diet.  Mean  corpuscular  volume,  MCH,  and  MCHC 
were  not  different  among  dietary  treatments. 

Inclusion  of  CaLCFA  to  the  diet  tended  to  (P  = .080)  increase 
WBC  count  (11.6  vs.  9.7  x lO^mm^)  with  a tendency  for  a greater  increase  (P 
= .115)  when  the  diet  contained  highly  degradable  protein  (DIP  by  Fat 
interaction).  Feeding  CaLCFA  to  lactating  cows  resulted  in  an  increase  (P  = 
.006)  in  the  number  of  lymphocytes  (6552  vs.  4221  /mm®),  regardless  of  protein 
degradability.  Neutrophil  numbers  were  affected  by  CaLCFA  supplementation 
and  protein  degradability  (DIP  by  Fat  interaction;  P = .048).  Adding  fat  to  the 
55DIP  diet  decreased  the  number  of  neutrophils  (4061  vs.  5580/mm®),  but 
increased  neutrophil  numbers  when  added  to  the  76DIP  diet  (4369  vs. 
3650/mm®). 

Responsiveness  of  the  immune  system  as  evaluated  by  differences  in 
skin  fold  thickness  at  24  h after  intradermal  injection  of  PHA  tended  to  depend 
(P  = .16)  upon  the  interaction  of  protein  degradability  and  CaLCFA 
supplementation.  Thickness  difference  was  reduced  by  adding  CaLCFA  to  the 
55DIP  diet  (4.3  vs.  5.7  mm)  but  remained  unchanged  when  CaLCFA  were  fed 
along  with  the  76DIP  diet  (4.6  vs.  4.2).  Evaluation  of  in  vitro  lymphocyte 
stimulation  by  serum  samples  from  the  experimental  animals  showed  that  serum 
from  herd  cows,  at  a concentration  of  5%  of  the  media,  tended  to  respond  with 
greater  (P  = .08)  lymphocyte  growth  compared  with  the  mean  of  the  other 
treatments  (51.1  vs.  44.2  x 10®  DPM).  Furthermore,  when  values  from  herd 
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cows  were  not  considered,  lymphocytes  exposed  to  serum  of  cows  fed  the 
highly  degradable  protein  tended  to  respond  less  (P  = .20)  to  the  mitogen  (41.9 
vs.  46.4  X 10^  DPM).  When  serum  concentration  in  the  media  was  increased  to 
20%,  proliferation  of  lymphocytes  tended  to  be  depressed  (P  = .16)  for  cows 
fed  76DIP  diets  compared  with  those  fed  the  55DIP  diets  (32.5  vs.  38.4  x 10^ 
DPM).  These  data  suggest  that  not  only  the  concentration  of  dietary  protein 

but  also  the  degradability  might  be  immunologically  important  to  the  cow. 

» 

The  effect  of  feeding  different  concentrations  and  degradabilities  of 
protein  and  supplementation  with  ruminally-inert  fat  (CaLCFA)  on  productive 
and  reproductive  parameters,  and  responsiveness  of  the  immune  system  was 
studied  in  dairy  cows.  Lactating  dairy  cows  seem  to  be  more  susceptible  to  the 
detrimental  effects  of  high  DIP  diets  than  nonlactating  animals,  probably  by 
increasing  the  negative  energy  status  due  to  ammonia  detoxification  processes. 
Reducing  the  amount  of  DIP  in  the  diet  resulted  in  a more  positive  energy 
status  as  supported  by  less  BW  loss,  higher  milk  production,  and  higher  plasma 
insulin  concentrations.  Increasing  availabiiity  of  AA  for  glucose  synthesis  by 
reducing  DIP  concentrations  in  the  diets  of  lactating  cows  seems  to  be  a 
possible  mechanism  of  action. 

Fat  supplementation  proved  to  ameliorate  the  detrimental  effect  of  high 
DIP  diets  on  productive  and  reproductive  performance  of  lactating  animals.  The 
mechanism(s)  involved  might  include  providing  energy  (but  not  as  glucose),  or 
precursors  (cholesterol)  involved  in  reproductive  function. 
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